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Sir: ; _ 

;. I, DAVID K. CLARKE, who resides at 3205 Whispering Hills, Chester, New 
York 10918, do declare that: 

; ; * K . , 1 . I am a co-inventor of the invention described in the above-identified 

application and as claimed in pending claims 7 to 21 (annexed hereto as Exhibit Al). 

2. The above-identified application and pending claims relate to 
genetically manipulated, infectious, replication-competent, non-segmented, negative-strand 
RNA viruses wherein the viral genome has been modified, e.g., the genome contains 
deletions or insertions. The invention and pending claims encompass genetically 
manipulated paramyxoviruses in which the viral genome has been modified to result in a 
packaged infectious virion with an attenuated phenotype, i.e., the virus is able to go through 
only one or a few rounds of replication in the host. The invention encompasses genetically 
manipulated RSV, vaccines comprising genetically manipulated RSV and methods for 
generating genetically manipulated RSV. The application claims priority to a series of 




applications including earlier filed application no. 09/161,122 filed September 25, 1998, 
which, in turn, is a continuation-in-part of our earlier application no. 08/316,439, filed 
September 30, 1994 (Grand-Parent Application, attached hereto as Exhibit A2, now U.S. 
Patent No. 5,840,520, issued November 24, 1998). 

3. Annexed hereto as Exhibit B is a copy of a page from my laboratory 
notebook describing a research plan to genetically manipulate the genome of RSV to result in 
a virion with an attenuated phenotype. Such genetic manipulations include deletions and 
insertions of sequences in the viral genome. Although the date on the copy has been 
redacted, the notebook page is dated prior to January 10, 1994. Thus, demonstrating that 
prior to January 10, 1994, 1 had conceived a genetically manipulated, replication-competent^ 
infectious, non-segmented negative strand RNA virus having an attenuated phenotype as 
described in the Grand Parent application and described and claimed in the instant 
application. 

4. Annexed hereto as Exhibits C through E are copies of pages from my 
laboratory notebooks that demonstrate that I or person(s) acting under my direction and 
supervision worked with diligence from the conception of the invention up to the filing date 
of the Grand Parent application to reduce the claimed invention to practice. This is evidenced 
by the facts described below and by the attached exhibits. 

5. Exhibits C to E are true copies of my laboratory notebooks that 
describe experiments relating to, among others, the generation of a full length cDNA 
encoding the genome of RSV. The pages of the laboratory notebooks are numbered 
consecutively for ease of reference. The references to pages in the laboratory notebooks are 
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to the production numbers stamped at the bottom right corner of the pages in the notebooks. 
The dates in the laboratory notebooks have been redacted. Further, references to events that 
would lead to the date of the entry into the laboratory notebook have also been redacted. The 
laboratory notebooks document experiments that were conducted during the time period from 
briefly before the date of the conception document until the filing date of the Grand Parent 
application. 

6. In particular, the laboratory notebooks document the isolation of 
genomic RSV RNA, RT-PCR amplification of fragments of the RSV genome, optimization 
of growth cultures of RSV, the subcloning of the RT-PCR fragments of the RSV genome in 
different cloning vectors and the ligation of the different RT-PCR; fragments to obtain a 
cDNA encoding the full length genome of RSV. The fragments of the RSV genome that are 
mentioned in the laboratory notebooks are set forth in the following genomic restriction, map 
of RSV. Restriction enzyme sites are shown on above the line representing the genome and 
the numbers below the line refer to the approximate sizes of the fragments in kilobasepairs. 
In this declaration, DNA fragments are referred to by the name of the flanking restriction 
sites followed by the approximate length of the fragment. For example, the first fragment at 
the 3' end of the virus is designated BstU/Hha-3.5. Synonyms of the DNA fragments are 
listed in the respective paragraphs that describe the work relating to the different DNA 
fragments. The map below also shows how the different DNA fragments were to be 
assembled to obtain the full length RSV cDNA. 
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Genomic Restriction Map of RSV 

7. The following paragraphs explain the type of experiments to obtain the 
different DNA fragments shown in the diagram above and the experiments to assemble these 
fragments into a full-length RSV cDNA; references in the following paragraphs are to 
production numbers in Exhibits C to E. In general, the entries in connection with obtaining 
the DNA fragments relate to RT-PCR amplification of the fragment, purification of the 
amplified DNA material, ligation into a cloning vector, transfection into bacteria, preparation 
of plasmid DNA from the transfected bacteria, and restriction analysis of the plasmid DNA. 

7a. Work relating to the growth of RSV, infection of different cell types 
with RSV, the harvest and purification of virus, and the purification of genomic RNA of RSV 
are described at production nos. 47-65, 67-70, 72-79, 81, 95, 105, 110, 113, 117, 121-125, 
127, 133, 137-144, 146, 148, 150-151, 153, 155, 169, 176-177, 188, 193, 212, 249, 269, 322, 
and 353-354 of my laboratory notebooks. These entries also relate to obtaining RS virus 
stocks from different sources, the optimization of growth conditions for RSV, testing of 
different cell lines for virus replication, optimization of virus preparation, and the purification 
of genomic RNA from the virus. 
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7b. Work relating to the performance of RT-PCR to obtain DNA 
fragments that encode parts of the viral genome are described at production nos. 65-66, 83- 
84, 87, 89, 90, 157, 160-165, 170, 172, 173, 179-180, 205, 242, 246-247, 282, and 393-394 of 
my laboratory notebooks. These entries also relate to obtaining the reagents and 
biochemicals for conducting RT-PCR, designing of primers, designing of cloning strategies, 
and the optimization of the conditions for the performance of RT-PCR. Work relating to the 
preparation of cloning vectors for subcloning of the RT-PCR fragments is described at 
production nos. 115-116 (pucl9), 

7c. Work relating to the RT-PCR amplification and the subcloning of the 
BstU/Hha-3.6 fragment (also referred to as "BstU/Hha" and "3:5K" and "3.6K" and "3.7K") 
is described at production nos. 264, 270, 272, 274, 276-277, 279, 281, 298, 301-302, 322- 
323, 325, 328, 339, 343, 367, 369-371, 378, and 381-382 of my laboratory notebooks. These 
entries also relate to large scale plasmid preparation of the cloned fragment. 

7d. Work relating to the RT-PCR amplification and the subcloning of the 
Hha/Xho-0.9 fragment (also referred to as "0.9K M and "H/Xho" and "Hha/Xho" and "clone 
8") is described at production nos. 327-331, 336-337, 345-350, 352, 361-362, 366-368, 371, 
376, 378-380, 382, 386-387, and 392 of my laboratory notebooks. These entries also relate to 
the development of alternative cloning strategies, and the evaluation of restriction analysis. 

7e. Work relating to the RT-PCR amplification and the subcloning of the 
Xho/Xca-1.35 fragment (also referred to as "1.3K" (370) and "Xho/Xca" and "clone 2") is 
described at production nos. 295-298, 299, 301, 331, 336-337, 345-350, 352, 358-368, 370, 
374, 377-380, 382, 386-387, 393, 399, 423, 426-427, 429-432, 434, 459-461, 465-467, 471- 



473, 475-476, and 481-487 of my laboratory notebooks. These entries also relate to the 
development of alternative cloning strategies, and the evaluation of restriction analysis. 



7f. Work relating to the RT-PCR amplification and the subcloning of the 
Xca/BamHI-2.68 fragment (also referred to as "Xca/Bam" and "Bam/Xca" and "X/B" and 
"2.6K" and "2.7K") is described at production nos. 261-262, 264, 268, 270-271, 274-275, 
306, 322, 343, 369-370, 373-374, and 377-378 of my laboratory notebooks. 

7g. Work relating to the RT-PCR amplification and the subcloning of the 
BamHI/SpHI-2.25 fragment (also referred to as M BamHI/SphI" and "Bam/SplT and "2.25Kb" 
or "2.25K" ) is described at production nos. 258-260, 268; 270-271/274-275, 305-306, 343, 
. 354-357, 407-411, 433, 457, 459, 461-464, 472, 475, 480, 484, and 486-490 of my laboratory 
notebooks; These entries also relate to restriction mapping of the BamHI/SpHI-2.25 
fragment. ! 

7h. Work relating to the RT-PCR amplification and the subcloning of the 
SpHI/PmlI-1.5 fragment (also referred to as "1.5K") is described at production nos. 250-254, 
256-257, 259-260, 263, 266-267, 305, 343, 354-357, 409-410, 412, 418-420, 422-423, 425- 
434, 457, 461-464, 486, and 488 of my laboratory notebooks. These entries also relate to 
restriction mapping of the SpHI/PmlI-1.5 fragment. 

7i. Work relating to the RT-PCR amplification and the subcloning of the 
PmlI/5'end-3 fragment (also referred to as "3K" and "3K sure") is described at production 
nos. 179-180, 189-190, 193-196, 198,298, 301-303,309,311,316,343,407-409,411-412, 
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418-424, 433, and 457 of my laboratory notebooks. These entries also relate to large scale 
plasmid preparation and the restriction analysis of the plasmid DNA. 

7j. Work relating to the RT-PCR amplification and subcloning of the 
BamHI/PmlI-3.8 fragment (also referred to as "3. 8Kb 11 ) is described at production nos. 181, 
185,194, 196, 197, 201-202, 204, 207-210, 214-216, 240-242, and 243 of my laboratory 
notebooks. These entries also relate to designing of primers to amplify the BamHI/PmlI-3.7 
fragment. 

7k. Work relating to the RT-PCR amplification and subcloning of the 
HhaI/XcaI-2.28 fragment (also referred to •"2.3k" and "Hha/Xca" and "H/Xca" and "Sure 213" 
and "H/X") is described at production nos. 261-262, 268, 275-281, 285, 287-294, 299-300, 
305, 307, 309, 311-321, 324, 327-330, 332, 334-336, 337^ 339-345, 372-374, and 388-391 of 
my laboratory notebooks. These entries also related© designing of primers to amplify the 
HhaI/XcaI-2.28 fragment and the development of alternative cloning strategies, such as the 
use of different competent bacterial cells for the propagation of the plasmid DNA. 

71. Work relating to the RT-PCR amplification and subcloning of the 
BstUI/XhoI-4.5 fragment (this fragment is also referred to as "4.4K") is described at 
production nos. 325-326, 414-417, and 421 of my laboratory notebooks. 

7m. Work relating to the RT-PCR amplification and subcloning of the 
Xho/BamHI-4 fragment (also referred to as "4K" and "Xho/Bam)is described at production 
nos. 205-207, 209-21 1, 214, 379, and 383-384 of my laboratory notebooks. 
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7n. Work relating to the generation of the leader and trailer regions of the 
RSV is described at production nos. 92-94, 113-114, 127, 129-136, 138, 139, 283-284, and 
405 of my laboratory notebooks. 



7o. Work relating to the ligation of the BstU/Hha-3.6 fragment, the 
HhaI/XcaI-2.28, and the Xca/BamHI-2.68 fragment to result in BstUI/BamHI-8.5 are 
described at production nos. 347-352 of my laboratory notebooks. 

7p. Work relating to the ligation of the BstU/Hha-3.6 fragment and the 
Hha/Xho-0.9 fragment to obtain a the BstU/Xho-4.4 fragment (also referred to as "4.4k") is 
described at production nos. 391-392, 395-398, 400-401, 403, 406, 413, 469, 471, 473, 476- 
482, 484-485, 489-490 of my laboratory notebooks. 

7q. Work relating to the ligation of the BstU/Xho-4.4 fragment and the 
Xho/Xca-1.35 fragment is described at production nos. 474 and 485 of my laboratory 
notebooks. 

7r. Work relating to the ligation of two or three of the BamHI/SpHI-2.25 
fragment, the SpHI/PmlI-1.5 fragment, and the PmlI/5'end-3 fragment to each other is 
described at production nos. 425, 458, 465-466, 468-473, 475, and 491 of my laboratory 
notebooks. 

8. The fragments that are described in paragraphs 7a to 7s were later used 
to a assemble full-length cDNA that encodes the genome of an RSV, which was used to 
rescue an infectious and replication-competent RSV. The full-length cDNA was genetically 
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manipulated to generate RSV cDNAs with deletions and insertions, which was Used to rescue 
an infectious and replication-competent RSV with an insertion and/or deletion- 



Exhibit F is a summary of the work described in the laboratory 



notebooks that are submitted herewith as Exhibits C to £> Each row in Exhibit F represents 
one day or, where the experiment was performed over several days, a row represents the 
corresponding period of time, 



diligently working towards the reduction to practice of the invention. The only interruption 
of my work toward the reduction to practice in the laboratory of more than one week was 
during die two weeks immediately prior to filing of the Grand Parent application. However, 
during my absence from the laboratory, my technician, Lisa Paganini, was working on the 
ligation of the Sphl/PmU-1.5 kb fragment and the BamHI/Sph 1-2,25 kb fragments to each 
other in accordance with my instructions as indicated at production no. 49 L 

I hereby declare that all statements raada herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willfUl false statements and the like so 
made are punishable by fine Or imprisonment^ or both, under Section 1 001 of Title 1 8 of the 
United States Code, and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



10. I declare that since the date of conception of the invention I was 



Dated:. 





DAVID K, CLARKE 
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EXHIBIT Al: COPY OF PENDING CLAIMS IN U.S. APPLICATION NO. 09/724,388 

AS OF MARCH 24, 2004 

7. (Currently amended) A genetically manipulated, replication competent, infectious 
virus of the paramyxoviridae family wherein the virus genome comprises a modification wherein 
the modification is selected from an insertion, substitution or deletion. 

8. (Previously presented) The genetically manipulated, infectious virus of Claim 7, the 
genome of which has been modified to encode a heterologous sequence. 

9. (Withdrawn) The virus of Claim 7 or 8 wherein the virus is a parainfluenza virus. 

10. (Previously presented) The virus of Claim 7 or 8 wherein the virus is a respiratory 
syncytial virus. 

1 1 . (Currently amended) A genetically manipulated, replication competent, infectious, 
non-segmented, negative-stranded RNA virus wherein the virus genome comprises a 
modification wherein the modification is selected from an insertion, substitution or deletion. 

12. (Previously presented) A vaccine comprising the genetically manipulated viruses 
of Claims 7, 8, or 1 1 and a pharmaceiitically acceptable carrier. 

13. (Withdrawn) A method for rescuing a genetically manipulated non-segmented 
negative-stranded RNA virus comprising 

introducing into a host cell expressing a heterologous RNA polymerase: 

(a) one or more DNA molecules encoding the virus N, P and L proteins 
operably linked to a polymerase binding site; 
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(b) a DNA molecule comprising the cDNA of the non-segmented negative 
stranded RNA virus wherein the cDNA encodes the entire genome of the 
virus or is modified by the incorporation of a mutation or a heterologous 
sequence, and wherein the cDNA is transcribed by a heterologous RNA 
polymerase; and 

isolating the virus produced by the cell. 

14. (Withdrawn) The method of Claim 13 wherein the virus is from the 
paramyxoviridae family. 

15. (Withdrawn) The method of Claim 14 wherein the virus is parainfluenza virus. 

16. (Withdrawn) The method of Claim 14 wherein the virus is a respiratory syncytial 

virus. 

17. (New) The virus of claim 8, wherein the heterologous sequence is a non-RSV 
sequence. 

18. (New) A genetically manipulated, replication-competent, infectious non-segmented, 
negative strand RNA virus wherein the virus genome comprises a modification wherein the 
modification is selected from an insertion, substitution, or deletion of an open reading frame 
encoding a viral gene product. 

1 9. (New) The virus of claim 1 8, wherein the virus is from the paramyxoviridae 

family. 

20. (New) The virus of claim 18, wherein the virus is RSV. 
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21 . (New) The virus of claim 1 8, wherein the open reading frame is the M-2 open 
reading frame. 
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ABSTRACT 



Recombinant negative strand virus RNA templates which 
may be used to express heterologous gene products and/or to 
construct chimeric viruses are described. Influenza viral 
polymerase, which was prepared depleted of viral RNA, was 
used to copy small RNA templates prepared from plasm id- 
encoded sequences. Template constructions containing only 
the 3' end of genomic RNA were shown to be efficiently 
copied, indicative that the promoter lay solely within the 15 
nucleotide 3* terminus. Sequences not specific for the influ- 
enza viral termini were not copied, and, surprisingly, RNAs 
containing termini identical to those from plus sense cRNA 
were copied at low levels. The specificity for recognition of 
the virus-sense promoter was further defined by site-specific 
mutagenesis. It was also found that increased level of viral 
protein were required in order to catalyze both the cap- 
endonuclease primed and primer-free RNA synthesis from 
these model templates as well as from genomic length 
RNAs. This indicated that this reconstituted system had 
catalytic properties very similar to those of native viral 
RNPs. High levels of expression of a heterologous gene was 
obtained using the constructs and methods described. The 
system was exemplified using Influenza and respiratory 
syncytial virus. 

9 Claims, 23 Drawing Sheets 
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RECOMBINANT NEGATIVE STRAND RNA 
VIRUS EXPRESSION SYSTEMS 

This application is a continuation-in-part of application 
Sen No. 08/190,698 filed Feb. 1, 1994, now abandoned, 
which is a continuation of Ser. No. 07/925,061 filed Aug. 4, 
1992 (now abandoned) which is a divisional of Ser. No. 
07/527,237 (now U.S. Pat. No. 5,166,057), which is a 
continuation-in-part of Ser. No. 07/440,053 filed Nov. 21, 
1989 (now abandoned) and Ser. No. 07/399,728, filed Aug. 
28, 1989, (now abandoned) which are incorporated by 
reference herein in their entirety. 

1. INTRODUCTION 

The present invention relates to recombinant negative 
strand virus RNA templates which may be used to express 
heterologous gene products in appropriate host cell systems 
and/or to construct recombinant viruses that express, 
package, and/or present the heterologous gene product. The 
expression products and chimeric viruses may advanta- 
geously be used in vaccine formulations. 

The invention is demonstrated by way of examples in 
which recombinant influenza virus RNA templates contain- 
ing a heterologous gene coding sequences in the negative - 
polarity were constructed. These recombinant templates, 
when combined with purified viral RNA-directed RNA 
polymerase, were infectious, replicated in appropriate host 
cells, and expressed the heterologous gene product at high 
levels. In addition, the heterologous gene was expressed and 
packaged by the resulting recombinant influenza viruses. 
The invention is further demonstrated by way of examples 
in which recombinant respiratory syncytial virus RNA tem- 
plates containing a heterologous gene coding sequence in 
the negative-polarity were constructed and used to infect and 
replicate in appropriate host cells. 

2. BACKGROUND OF THE INVENTION 

A number of DNA viruses have been genetically engi- 
neered to direct the expression of heterologous proteins in 
host cell systems (e.g., vaccinia virus, baculovirus, etc.). 
Recently, similar advances have been made with positive- 
strand RNA viruses (e.g., poliovirus). The expression prod- 
ucts of these constructs, i.e., the heterologous gene product 
or the chimeric virus which expresses the heterologous gene 
product, are thought to be potentially useful in vaccine 
formulations (either subunit or whole virus vaccines). One 
drawback to the use of viruses such as vaccinia for con- 
structing recombinant or chimeric viruses for use in vaccines 
is the lack of variation in its major epitopes. This lack of 
variability in the viral strains places strict limitations on the 
repeated use of chimeric vaccinia, in that multiple vaccina- 
tions will generate host-resistance to the strain so that the 
inoculated virus cannot infect the host. Inoculation of a 
resistant individual with chimeric vaccina will, therefore, 
not induce immune stimulation. 

By contrast, influenza virus, a negative-strand RNA virus, 
demonstrates a wide variability of its major epitopes. 
Indeed, thousands of variants of influenza have been iden- 
tified; each strain evolving by antigenic drift. The negative- 
strand viruses such as influenza would be attractive candi- 
dates for constructing chimeric viruses for use in vaccines 
because its genetic variability allows for the construction of 
a vast repertoire of vaccine formulations which will stimu- 
late immunity without risk of developing a tolerance. 
However, achieving this goal has been precluded by the fact 
that, to date, it has not been possible to construct recombi- 
nant or chimeric negative-strand RNA particles that are 
infectious. 
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2.1. The Influenza Virus 

Virus families containing enveloped single-stranded RNA 
of the negative -sense genome are classified into groups 
having non-segmented genomes (Paramyxoviridae, 
Rhabdoviridae) or those having segmented genomes 
(Orthomyxoviridae, Bunyaviridae and Arena viridae). The 
Orthomyxoviridae family, described in detail below, and 
used in the examples herein, contains only the viruses of 
influenza, types A, B and C. 

The influenza virions consist of an internal ribonucleopro- 
tein core (a helical nucleocapsid) containing the single- 
stranded RNA genome, and an outer lipoprotein envelope 
lined inside by a matrix protein (M). The segmented genome 
of influenza A consists of eight molecules (seven for influ- 
enza C) of linear, negative polarity, single -stranded RNAs 
which encode ten polypeptides, including: the RNA-directed 
RNA polymerase proteins (PB2, PB1 and PA) and nucle- 
oprotein (NP) which form the nucleocapsid; the matrix 
proteins (Ml, M2); two surface glycoproteins which project 
from the lipoprotein envelope: hemagglutinin (HA) and 
neuraminidase (NA); and nonstructural proteins whose 
function is unknown (NS 1 and NS2). Transcription and 
replication of the genome takes place in the nucleus and 
assembly occurs via budding on the plasma membrane. The 
viruses can reassort genes during mixed infections. 

Influenza virus adsorbs via HA to sialyloligosaccharides 
in cell membrane glycoproteins and glycolipids. Following 
endocytosis of the virion, a conformational change in the HA 
molecule occurs within the cellular endosome which facili- 
tates membrane fusion, thus triggering uncoating. The 
nucleocapsid migrates to the nucleus where viral mRNA is 
transcribed as the essential initial event in infection. Viral 
mRNA is transcribed by a unique mechanism in which viral 
endonuclease cleaves the capped 5 '-terminus from cellular 
heterologous mRNAs which then serve as primers for tran- 
scription of viral RNA templates by the viral transcriptase. 
Transcripts terminate at sites 15 to 22 bases from the ends 
of their templates, where oligo(U) sequences act as signals 
for the template -independent addition of poly(A) tracts. Of 
the eight viral mRNA molecules so produced, six are mono- 
cistronic messages that are translated direcfly into the pro- 
teins representing HA, NA, NP and the viral polymerase 
proteins, PB2, PB1 and PA. The other two transcripts 
undergo splicing, each yielding two mRNAs which are 
translated in different reading frames to produce Ml, M2, 
NS1 and NS2. In other words, the eight viral mRNAs code 
for ten proteins: eight structural and two nonstructural. A 
summary of the genes of the influenza virus and their protein 
products is shown in Table I below. 

TABLE I 

Influenza Virus Genome RNA Segments and Coding 
Assignments" 



Seg- 
men l 



Length b 
(Nucleo- 
tides) 



Encoded 

Poly- 
peptide 0 



Length d 
(Amino 
Acids) 



Molecules 
Per 

Virion Comments 



2341 



2341 



PB2 



PB1 



759 



757 



30-60 



30-60 



RNA transcriptase 

component; host cell 

RNA cap binding 

RNA transcriptase 

component; 

initiation 

of transcription; 

endonuclease 

activity? 
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TABLE I-continued 



Influenza Virus Genome RNA Segments and Coding 
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Length d 


Molecules 
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Virion 


Comments 




3 


2233 


PA 


716 


30—60 


KNA transcriptase 
component; 
elongation of 
mKTNA cnams ; 


10 


4 


1778 


HA 


566 


500 


Hemagglutinin; 
trimer; envelope 
glycoprotein; 














mediates attachment 


15 












to cells 


J 


IdOd 


£Nr 




100 


Nucleoprotein; 
associated with 
RNA; structural 
component of RNA 














transcriptase 


20 


6 


1413 


NA 


454 


100 


Neuraminidase; 
tetramer; envelope 
glycoprotein 


7 


1027 


Mi 


252 


3000 


Matrix protein; lines 
inside of envelope 








M 2 


96 




Structural protein in 


25 












plasma membrane; 












spliced mRNA 








? 


?9 




Unidentffled protein 




8 


890 


NSi 


230 




Nonstructural 
protein; function 
unknown 








NS 2 


121 




Nonstructural 
protein; function 
unknown; spliced 
mRNA 


30 



40 



45 



'Adapted from R. A. Lamb and P. W. Choppin (1983), Reproduced from the 
Annual Review of Biochemistry, Volume 52, 467-506. i<r 
b For A/PR/8/34 strain. 

c Determined by biochemical and genetic approaches. 

d Determined by nucleotide sequence analysis and protein sequencing. 

Following transcription, virus genome replication is the 
second essential event in infection by negative-strand RNA 
viruses. As with other negative-strand RNA viruses, virus 
genome replication in influenza is mediated by virus- 
specified proteins. It is hypothesized that most or all of the 
viral proteins that transcribe influenza virus mRNA seg- 
ments also carry out their replication. All viral RNA seg- 
ments have common 3' and 5' termini, presumably to enable 
the RNA-synthesizing apparatus to recognize each segment 
with equal efficiency. The mechanism that regulates the 
alternative uses (i.e., transcription or replication) of the same 
complement of proteins (PB2, PB 1, PA and NP) has not been 
clearly identified but appears to involve the abundance of 50 
free forms of one or more of the nucleocapsid proteins, in 
particular, the NP. The nucleus appears to be the site of virus 
RNA replication, just as it is the site for transcription. 

The first products of replicative RNA synthesis are 
complementary copies (i.e., plus-polarity) of all influenza 
virus genome RNA segments (cRNA). These plus-stranded 
copies (an ti -genomes) differ from the plus-strand mRNA 
transcripts in the structure of their termini. Unlike the 
MRNA transcripts, the anti-genomic cRNAs are not capped 
and methylated at the 5' termini, and are not truncated and 
polyadenylated at the 3' termini. The cRNAs are coterminal 
with their negative strand templates and contain all the 
genetic information in each genomic RNA segment in the 
complementary form. The cRNAs serve as templates for the 
synthesis of genomic negative-strand vRNAs. 

The influenza virus negative strand genomes (vRNAs) 
and antigenomes (cRNAs) are always encapsidated by 
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nucleocapsid proteins; the only unencapsidated RNA spe- 
cies are virus mRNAs. In contrast to the other enveloped 
RNA viruses, nucleocapsid assembly appears to take place 
in the nucleus rather than in the cytoplasm. The virus 
matures by budding from the apical surface of the cell 
incorporating the M protein on the cytoplasmic side or inner 
surface of the budding envelope. The HA and NA become 
glycosylated and incorporated into the lipid envelope. In 
permissive cells, HA is eventually cleaved, but the two 
resulting chains remain united by disulfide bonds. 

It is not known by what mechanism one copy of each of 
the eight genomic viral RNAs is selected for incorporation 
into each new virion. Defective interfering (DI) particles are 
often produced, especially following infection at high mul- 
tiplicity. 

2.2. RNA Directed RNA Polymerase 

The RNA-directed RNA polymerases of animal viruses 
have been extensively studied with regard to many aspects 
of protein structure and reaction conditions. However, the 
elements of the template RNA which promote optimal 
expression by the polymerase could only be studied by 
inference using existing viral RNA sequences. This pro- 
moter analysis is of interest since it is unknown how a viral 
polymerase recognizes specific viral RNAs from among the 
many host-encoded RNAs found in an infected cell. 

Animal viruses containing plus-sense genome RNA can 
be replicated when plasmid- derived RNA is introduced into 
cells by transfection (for example, Racaniello et al. 1981, 
Science 214: 916-919; Levis, et al., 1986, Cell 44: 
137-145). In the case of poliovirus, the purified polymerase 
will replicate a genome RNA in in vitro reactions and when 
this preparation is transfected into cells it is infectious 
(Kaplan, et al., 1985, Proc. Natl. Acad. Sci. USA 82: 
8424-8428). However, the template elements which serve as 
transcription promoter for the polio vims-encoded poly- 
merase are unknown since even RNA homopolymers can be 
copied (Ward, et al, 1988, J. Virol. 62: 558-562). SP6 
transcripts have also been used to produce model defective 
interfering (DI) RNAs for the Sindbis viral genome. When 
the RNA is introduced into infected cells, it is replicated and 
packaged. The RNA sequences which were responsible for 
both recognition by the Sindbis viral polymerase and pack- 
aging of the genome into virus particles were shown to be 
within 162 nucleotides (nt) of the 5' terminus and 19 nt of the 
3' terminus of the genome (Levis, et al, 1986, Cell 44: 
137-145). In the case of brome mosaic virus (BMV), a 
positive strand RNA plant virus, SP6 transcripts have been 
used to identify the promoter as a 134 nt tRNA-like 3' 
terminus (Dreher, and Hall, 1988, J. Mol. Biol. 201: 31^0). 
Polymerase recognition and synthesis were shown to be 
dependent on both sequence and secondary structural fea- 
tures (Dreher, et al, 1984, Nature 311: 171-175). 

The negative -sense RNA viruses have been refractory to 
study of the sequence requirements of the replicase. The 
purified polymerase of vesicular stomatitis virus is only 
active in transcription when virus-derived ribonucleoprotein 
complexes (RNPs) are included as template (De and 
Banerjee, 1985, Biochem. Biophys. Res. Commun. 126: 
40-49); Emerson and Yu, 1975, J. Virol. 15: 1348-1356; 
Naito, and Ishihama, 1976, J. Biol. Chem. 251: 4307^314). 
RNPs have been reconstituted from naked RNA of VSV DI 
particles using infected cell extracts as protein source. These 
RNPs were then replicated when added back to infected 
cells (Mirakhur, and Peluso, 1988, Proc. Natl. Acad. Sci. 
USA 85: 7511-7515). With regard to influenza viruses, it 
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was recently reported that naked RNA purified from virus RNA complex, elongation can ensue (Honda, et al., 1987, J. 

was used to reconstitute RNPs. The viral nucleocapsid and Biochem. 102: 41-49). These data suggest that the NP 

polymerase proteins were gel-purified and renatured on the protein is needed for elongation, but that initiation can occur 

viral RNA using thioredoxin (Szewczyk, et al., 1988, Proc. m tne a b sence 0 f 

Natl. Acad. Sci. USA, 85: 7907-7911). However, these 5 

authors did not show that the activity of the preparation was It has been shown that the genomic RNA of influenza 

specific for influenza viral RNA, nor did they analyze the viruses is in a circular conformation via base-pairing of the 

signals which promote transcription. termini to form a panhandle of 15 to 16 nt (Honda, et al., 

During the course of influenza virus infection the poly- 1988, J. Biochem. 104: 1021-1026; Hsu, et al., 1987, Proc. 

merase catalyzes three distinct transcription activities. These in Natl. Acad. Sci. USA 84: 8140-8144). Since the viral 

include the synthesis of (a) subgenomic mRNA, which polymerase was found bound to the panhandle, this led to 

contains a 5' cap and a 3' poly- A tail; (b) a full length the suggestion that a panhandle structure was required for 

plus-strand or anti-genome (cRNA) copied from the genome recognition by the viral polymerase (Honda, et al., 1988, J. 

RNA; and (c) genomic vRNA synthesized from the full Biochem. 104: 1021-1026). Therefore, it was hypothesized 

length cRNA (reviewed in Ishihama and Nagata, 1988, CRC 15 in these two reports that the promoter for the viral RNA 

Crit. Rev. Biochem. 23: 27-76; and Krug, Transcription and polymerase was the double stranded RNA in panhandle 

replication of influenza viruses. In: Genetics of influenza conformation, 
viruses, Ed., Palese, P. and Kingsbury, D. W. New York, 

Springer- Verlag, 1983, p. 70-98). Viral proteins PB2, PB1 3> SUMMARY OF THE INVENTION 

and PA are thought to catalyze all influenza virus-specific 20 

RNA synthesis when in the presence of excess nucleocapsid Recombinant negative-strand viral RNA templates are 

protein (NP; see above reviews). These polymerase func- described which may be used with purified RNA-directed 

tions have been studied using RNP cores derived from RNA polymerase complex to express heterologous gene 

detergent-disrupted virus, and RNPs from the nuclear products in appropriate host cells and/or to rescue the 

extracts of infected cells. Transcription from the RNPs 2 5 heterologous gene in virus particles. Both influenza and 

derived from disrupted virus occurs when primed with either respiratory syncytial viral templates are exemplified. The 

dinucleotide adenylyl-p'-^-guanosine (ApG) or capped RNA templates are prepared by transcription of appropriate 

mRNAs. The plus sense mRNA products have terminated DNA sequences with a DNA-directed RNA polymerase. The 

synthesis 17-20 nucleotides upstream of the 5' terminus of resulting RNA templates are of the negative-polarity and 

the RNA template and have been processed by the addition 30 contain appropriate terminal sequences which enable the 

of poly A tails. These products cannot serve as template for viral RNA-synthesizing apparatus to recognize the template, 
the viral -sense genome since they lack terminal sequences 

(Hay, et al., 1977, Virology 83: 337-355). RNPs derived M demon strated by the examples described herein, 

from nuclear extracts of infected cells also synthesize poly- recombinant negative-sense influenza RNA templates may 

adenylated mRNA in the presence of capped RNA primers. 35 be mixed Wlth punfied viral P ol y merase proteins and nucle- 

However,ifApG is used under these conditions, both RNAs, °P r otein (i.e., the purified viral polymerase complex) to 

polyadenylated and full length cRNA, can be obtained form infectl0us recombinant RNPs. These can be used to 

(Beaton and Krug, 1986, Proc. Natl. Acad. Sci. USA 83: ex P ress het erologous gene products in host cells or to rescue 

6282-6286; Takeuchi, et al, 1987, J. Biochem. 101: the heterologous gene m virus particles by cotransfection of 

837-845). Recently it was shown that replicative synthesis 40 hoSt ^ Wlth recombinant ^ and virus - Alternatively, 

of cRNA could occur in the absence of exogenous primer if the recombinant RNA templates or recombinant RNPs may 

the nuclear extract was harvested at certain times post be used t0 lr ansfect transformed cell lines that express the 

infection. In these same preparations the synthesis of RNA de P endent RNA-polymerase and allow for comple- 

negative-sense vRNA from a cRNA template was also mentation. Additionally, a non-virus dependent replication 

observed (Shapiro and Krug, 1988, J. Virol. 62: 2285-2290). 45 s y stem for influenza virus 15 also described. Vaccinia vectors 

The synthesis of full length cRNA was shown to be depen- expressing influenza virus polypeptides were used as the 

dent upon the presence of nucleocapsid protein (NP) which source of P r °teins which were able to replicate and tran- 

was free in solution (Beaton and Krug, 1986, Proc. Natl. scnbe synthetically derived RNPs. The minimum subset of 

Acad. Sci. USA 83: 6282-6286; Shapiro and Krug, 1988, J. influenza virus protein needed for specific replication and 

Virol. 62: 2285-2290). These findings led to the suggestion 50 ex P resslon of the V1 / al RNP was found t0 be the three 

that the regulatory control between mRNA and cRNA syn- polymerase proteins (PB2, PB1 and PA) and the nucleopro- 

thesis by the RNP complex is based on the requirement for tein ( NP >* 71115 su SS e sts that the nonstructural proteins, NS1 

there being an excess of soluble NP (Beaton and Krug, 1986, and NS2 > are not absolutel y required for the replication and 

Proc. Natl. Acad. Sci. USA 83: 6282-6286). express of viral RNP. 

Another line of investigation has focused on the prepa- 55 The expression products and/or chimeric virions obtained 

ration of polymerase -RNA complexes derived from RNPs may advantageously be utilized in vaccine formulations, 

from detergent-disrupted virus. When the RNP complex is The use of recombinant influenza for this purpose is espe- 

centrifuged through a CsCl-glycerol gradient, the RNA can cially attractive since influenza demonstrates tremendous 

be found associated with the three polymerase (P) proteins strain variability allowing for the construction of a vast 

at the bottom of the gradient. Near the top of the gradient, 60 repertoire of vaccine formulations. The ability to select from 

free NP protein can be found (Honda, et al., 1988, J. thousands of influenza variants for constructing chimeric 

Biochem. 104: 1021-1026; Kato, et al., 1985, Virus viruses obviates the problem of host resistance encountered 

Research 3, 115-127). The purified polymerase-RNA com- when using other viruses such as vaccinia. In addition, since 

plex (bottom of gradient), is active in initiating ApG-primed influenza stimulates a vigorous secretory and cytotoxic T 

synthesis of RNA, but fails to elongate to more than 12-19 65 cell response, the presentation of foreign epitopes in the 

nucleotides. When fractions from the top of the gradient influenza virus background may also provide for the induc- 

containing the NP protein are added back to the polymerase- tion of secretory immunity and cell-mediated immunity. 
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3.1. Definitions 

As used herein, the following terms will have the mean- 
ings indicated: 

cRNA=anti-genomic RNA 
HA=hem agglutinin (envelope glycoprotein) 
M=matrix protein (lines inside of envelope) 
MDCK=Madin Darby canine kidney cells 
MDBK=Madin Darby bovine kidney cells 
moi=multiplicity of infection 
NA=neuraminidase (envelope glycoprotein) 
NP=nucleoprotein (associated with RNA and required for 

polymerase activity) 
NS=nonstructural protein (function unknown) 
nt=nucleotide 

PA, PB1, PB2 =RNA-directed RNA polymerase compo- 
nents 

RNP=ribonucleoprotein (RNA, PB2, PB1, PA and NP) 

rRNP=recombinant RNP 

vRNA= genomic virus RNA 

viral polymerase complex=PA, PB1, PB2 and NP 

WSN=influenza A/WSN/33 virus 

WSN-HK virus: reassortment virus containing seven 

genes from WSN virus and the NA gene from influenza 

A/HK/8/68 virus 

4. DESCRIPTION OF THE FIGURES 

FIG. 1. Purification of the polymerase preparation. RNP 
cores were purified from whole virus and then subjected to 
CsCl-glycerol gradient centrifugation. The polymerase was 
purified from fractions with 1.5 to 2.0M CsCl. Samples were 
then analyzed by polyacrylamide gel electrophoresis on a 
7-14% linear gradient gel in the presence of 0.1% sodium 
dodecylsulfate followed by staining with silver. Protein 
samples contained 1.4 fig whole virus (lane 1), 0.3 fig whole 
virus (lane 2), 5 fi\ of RNP cores (lane 3) and 25 fd RNA 
polymerase (lane 4). Known assignments of the proteins are 
indicated at the left. 

FIG. 2. Plasm id constructs used to prepare RNA tem- 
plates. The plasmid design is depicted with the solid box 
representing pUC-19 sequences, the hatched box represents 
the truncated promoter specifically recognized by bacte- 
riophage T7 RNA polymerase, the solid line represents the 
DNA which is transcribed from plasmids which have, been 
digested with MboII. The white box represents sequences 
encoding the recognition sites for MboII, EcoRI and PstI, in 
that order. Sites of cleavage by restriction endonucleases are 
indicated. Beneath the diagram, the entire sequences of 
RNAs which result from synthesis by T7 RNA polymerase 
from MboII-digested plasmid are given. The V-wt RNA has 
the identical 5' and 3' termini as found in RNA segment 8 of 
influenza A viruses, separated by 16 "spacer" nucleotides. 
The RNA, M-wt, represents the exact opposite stand, or 
"message-sense", of V-wt. Restriction endonuclease sites for 
Dral EcoRI, PstI and Smal are indicated. T7 transcripts of 
plasmids cleaved by these enzymes result in, respectively, 
32, 58, 66 and 91 nucleotide long RNAs. The sequences of 
V-d5' RNA are indicated. The plasmid design is essentially 
the same as that used for the V-wt RNA except for the minor 
changes in the "spacer" sequence. The point mutants of 
V-d5' RNAs which were studied are indicated in Table I. 

FIG. 3. Analysis of products of influenza viral poly- 
merase. FIG. 3 A: Polymerase reaction mixtures containing 
0.4 mM ApG (lane 2) or no primer (lane 3) were electro- 
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phoresed on 8% polyacrylamide gels containing 7.7M urea. 
FIG. 3B: The nascent RNA is resistant to single-stranded 
specific nuclease SI. Following the standard polymerase 
reaction, the solutions were diluted in nuclease SI buffer 

5 (lane 1) and enzyme was added (lane 2). As control for SI 
digestion conditions, radioactively labeled single-stranded 
V-wt RNA was treated with nuclease SI (lane 3) or with 
buffer alone (lane 4). FIG. 3C: Ribonuclease Tl analysis of 
gel -purified reaction products. The reaction products of the 

10 viral polymerase using the V-wt RNA template was sub- 
jected to electrophoresis on an 8% polyacrylamide gel. The 
53 nt band and the smaller transcript were excised and eluted 
from the gel matrix. These RNAs were digested with RNAse 
Tl and analyzed by electrophoresis on a 20% polyacryla- 

15 mide gel containing 7.7M urea. For comparison, T7 tran- 
scripts of M-wt and V-wt RNAs which had been synthesized 
in the presence of a- 32 P-UTP were also analyzed with 
RNAse Tl. The predicted radiolabeled oliognucleotides of 
the control RNAs are indicated. Lane 1, 53 nucleotide full 

20 length (FL) product; lane 2, 40-45 nucleotide smaller (Sm) 
RNA product; lane 3, M-wt RNA labeled by incorporation 
of 32 P-MP; and lane 4, V-wt RNA labeled as in lane 3. 

FIG. 4. Optimal reaction conditions for the viral poly- 
merase. FIG. 4A: Reactions with V-wt template were 

25 assembled on ice and then incubated at the indicated tem- 
peratures for 90 minutes. FIG. 4B: Reactions with the V-wt 
template were prepared in parallel with the indicated NaCl 
or KC1 concentrations and were incubated at 30° C. for 90 
minutes. FIG. 4C: A single reaction with the V-wt template 

30 was incubated at 30° C., and at the indicated times, samples 
were removed and immediately processed by phenol- 
chloroform extraction. All gels contained 8% polyacryla- 
mide with 7.7M urea. 
FIG. 5. Template specificity of the viral polymerase. FIG. 

35 5 A: The viral polymerase reaction requires 3 ! terminal 
promoter sequences. Different template RNAs were used in 
reactions under standard conditions. Lane 1, the V-Pst RNA, 
which is identical to V-wt except it has a 13 nt extension at 
the 3' end; lane 2, V-Sma RNA, which has a 38 nt extension 

40 at the 3' end; lane 3, V-wt RNA; lane 4, a DNA polynucle- 
otide with identical sequence as the V-wt RNA; lane 5, and 
80 nt RNA generated by bacteriophage T3 RNA polymerase 
transcription of a pIBI-31 plasmid digested with Hindlll. 
The auto radiograph was overexposed in order to emphasize 

45 the absence of specific reaction products when these other 
templates were used. FIG. 5B: 10 ng of each template RNA 
were incubated with the viral polymerase and the products 
were then subjected to electrophoresis on 8% polyacryla- 
mide gels containing 7.7M urea. Lane 1, V-wt RNA; lane 2, 

50 V-Dra RNA; lane 3, V-Eco RNA; lane 4, M-wt RNA are 
shown; and lane 5, a 53nt marker oligonucleotide. 

For the exact sequence differences refer to FIG. 2 and 
Section 6.1 et seq. 

55 FIG. 6. The RNA promoter does not require a terminal 
panhandle. Polymerase reaction using two template RNAs. 
Each reaction contained 5 ng of V-wt RNA. As a second 
template the reactions contained 0 ng (lane 1), 0.6 ng (lane 
2), and 3.0 ng (lane 3) of V-d5' RNA. The resulting molar 

60 ratios are as indicated in the figure. The reaction products 
were analyzed on an 8% polyacrylamide gel in the presence 
of 7.7M urea. Following densitometry analysis of 
autoradiography, the relative intensity of each peak was 
corrected for the amount of radioactive UMP which is 

65 incorporated in each product. 

FIG. 7. Specificity of promoter sequences. RNAs which 
lacked the 5' terminus and contained point mutations (Table 
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II) were compared with V-d5' RNA in standard polymerase FIG. 13. Schematic of the RNP-transfection and passag- 

reactions. The right panel is from a separate reaction set. ing experiments. 

Quantitative comparisons is outlined in Table II. FIG. 14. CAT assays of cells RNP-transfected with IVA- 

FIG. 8. High concentration polymerase preparations are CAT1 RNA. (A) Time course of RNP-transfection in 293 

active in cap-endo nuclease primed and in primeness RNA 5 cells. Cells were transfected at -1 hour with the recombinant 

synthesis reactions. FIG. 8A: Primer specificity of the high RNP and infected with virus at 0 hour. Cells were harvested 

concentration enzyme. Radioactively synthesized 30 nt tem- at the indicated time points and assayed for CAT activity. (B) 

plate is in lane 1. Reactions using 20 ng of V-d5' RNA and Requirements for RNP-transfection of 293 cells Parameters 

5 fi\ of viral polymerase contained as primer: no primer (lane of the reaction mixtures were as indicated. (C) RNP- 

2); 100 ng BMV RNA (De and Banerjee, 1985, Biochem. 10 transfection of MDCK cells. MDCK cells were transfected 

Biophys. Res. Commun. 6: 40-49) containing a cap 0 with IVACAT1 RNA-polymerase at either -1 hour or +2 

structure (lane 3); 100 ng rabbit globin mRNA, containing hours relative to virus infection. Cells were harvested and 

a cap 1 structure, (lane 4); and 0.4 mM ApG (lane 5). A CAT activity assayed at the indicated times. Components/ 

lighter exposure of lane 5 is shown as lane 6. FIG. 8B: conditions of the reaction were as indicated. "Time" indi- 

Nuclease SI analysis of gel-purified RNAs. Products from 15 cates the time point of harvesting the cells. T=0 marks the 

reactions using as primer ApG (lanes 1 and 2); no primer time of addition of helper virus. "RNA" represents the 

(lanes 3 and 4); or globin mRNA (lanes 5 and 6) were IVACAT1 RNA. "Pol" is the purified influenza A/PR/8/34 

electrophoresed in the absence of urea and the appropriate polymerase protein complex. " WSN" indicates the influenza 

gel piece was excised and the RNA was eluted. This RNA A/WSN/33 helper virus. "Pre-Inc." indicates preincubation 

was then digested with nuclease SI (lanes 2, 4, and 6) and 2Q of RNA and polymerase in transcription buffer at 30° C. for 

the products were denatured and analyzed on an 8% poly- 30 min. "RNP transfection" indicates the time of RNP 

acrylamide gel containing 7.7M urea. transfection relative to virus infection. "+/-" indicate pres- 

FIG. 9. Genomic length RNA synthesis from reconsti- ence or absence of the particular component/feature. "C" 

tuted RNPs. Reaction products using 10 [A of polymerase indicates control assays using commercially available CAT 

and as template 890 nt RNA identical to the sequence of 25 enzyme (Boehringer-Mannheim). 

segment 8 of virus A/WSN/33 and RNA extracted from FIG. 15. CAT activity in MDCK cells infected with 
A/PR/8/34 virus were analyzed on a 4% polyacrylamide gel recombinant virus. Supernatant from RNP-transfected and 
containing 7.7M urea. In lane 1, the 890 nt template syn- helper virus-infected MDCK cells was used to infect fresh 
thesized radioactively by T7 RNA polymerase is shown. The MDCK cells. The inoculum was removed 1 hour after 
890 nt plasmid-derived RNA was used as template in lanes 30 infection, cells were harvested 11 hours later and CAT 
2, 3, 8 and 9. RNAextracted from virus was used as template activity was assayed. Lane 1: extract of cells infected with 
in lanes 4, 5, 10 and 11. No template was used in lanes 6 and helper virus only. Lane 2: extract of cells infected with 100 
7. No primer was used in lanes 2 to 5, and ApG was used as {A of supernatant from RNP-transfected and helper virus- 
primer in lanes 6 to 11. Reaction products were treated with infected MDCK cells. Lane 3: Supernatant (80 fd) of cells 
nuclease SI in lanes 3, 5, 7, 9 and 11. 35 from lane 2. Lane 4: Same as lane 2 except that helper virus 

FIG. 10. Diagrammatic representation of a PCR-directed (MOI 4) was added to inoculum. In contrast to experiments 

mutagenesis method which can be used to replace viral shown in FIG. 4, the assays contained 20 /il of 14 C chloram- 

coding sequences within viral gene segments. phenicol. 

FIG. 11. (A). Diagrammatic representation of relevant FIG. 16. Diagram of relevant portions of the neuramini- 

portions of pIVCATl. The various domains are labeled and 40 dase (NA) gene contained in plasmids used for transfection 

are, from left to right; a truncated T7 promoter; the 5' experiments. The pUC19 derived plasmid pT3NAv contains 

nontranslated end of influenza A/PR/8/34 virus segment 8 the influenza A/WSN/33 virus NA gene and a truncated 

(22 nucleotides); 8 nucleotides of linker sequence; the entire promoter specifically recognized by bacteriophage T3 RNA 

CAT gene coding region (660 nucleotides) the entire 3' polymerase. The T3 promoter used is truncated such that the 

nontranslated end of influenza A/PR/8/34 virus segment 8 45 initial transcribed nucleotide (an adenine) corresponds to the 

(26 nucleotides); and linker sequence containing the Hgal 5' adenine of the WSN NA gene. At the 3' end of the cDNA 

restriction enzyme site. Relevant restriction enzyme sites copy of the NAgene, a Ksp632I restriction enzyme site was 

and start and stop sites for the CAT gene are indicated. (B) inserted such that the cleavage site occurs directly after the 

The 716 base RNA product obtained following Hgal diges- 3 f end of the NA gene sequence. A 1409 nucleotide long 

lion and transcription of pIVACATl by T7 RNA poly- 50 transcript was obtained following Ksp632I digestion and 

merase. Influenza viral sequences are indicated by bold transcription by T3 RNA polymerase of PT3NAv (as 

letters, CAT gene sequences by plain letters, and linker described in Section 8.1, infra). The 15 5' terminal 

sequences by italics. The triplets — in antisense orientation — nucleotides, the 52 nucleotides corresponding to the region 

representing the initiation and termination codons of the between the restriction endonuclease sites Ncol and PstI and 

CAT gene are indicated by arrow and underline, respec- 55 the 12 3' terminal nucleotides are shown. The transcript of 

tively. pT3NAv mut 1 is identical to that of pT3NAv except for a 

FIG. 12. RNA products of T7 polymerase transcription single deletion, eleven nucleotides downstream from the 5' 

and in vitro influenza virus polymerase transcription. Lanes end of the wild type RNA. The transcript of the pT3NAv mut 

1-4: polyacrylamide gel analysis of radiolabeled T7 poly- 2 is identical to that of pT3NAv except for 5 mutations 

merase transcripts from pIVACATl, and pHgaNS. Lanes 5 60 located in the central region (indicated by underline). These 

and 6: Polyacrylamide gel analysis of the radiolabeled five mutations do not change the amino acid sequence in the 

products of in vitro transcription by purified influenza A open reading frame of the gene. The serine codon UCC at 

polymerase protein using unlabeled 1VACAT1 RNA and position 887-^889 (plus sense RNA) was replaced with the 

HgaNS RNA templates. Lane 1: HgaNS RNA of 80 nt. serine codon AGU in the same frame. The numbering of 

Lanes 2-4: different preparations of IVACAT1 RNA. Lane 65 nucleotides follows Hiti et al., 1982, J. Virol, 41: 730-734. 

5: viral polymerase transcript of IVACAT1 RNA. Lane 6: FIG. 17. Polyacrylamide gel electrophoresis of RNAs 

viral polymerase transcript of HgaNS RNA. purified from rescued influenza viruses. RNA transcripts of 
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pT3NAs (FIG. 16) of phenol-extracted RNA derived from proteins (Lanes 13,5,7) or the PB2, PB1, PA and NP 

influenza A/WSN/33 virus was mixed with purified poly- proteins (Lanes 2,4,6,8), transfected with IVACAT-1 RNP 

me rase preparations following the protocol described in and examined for CAT activity as described. Lanes 1,2: 

Section 6.1.1, infra. These reconstituted RNPs were then Maden-Darby Canine Kidney (MDCK) cell; 3,4: Hela cells, 

transfected into MDBK cells which had been infected one 5 5,6: 293 cells (Graham et al., 1977 J. Gen. Virol., 36: 

hour earlier with WSN-HK helper virus. The medium, 59-72); 7,8 L cells. B) Cell line 3 PNP-4 was used as host 

containing 28 /ig/ml plasminogen, was harvested after 16 cell. Shown under each lane is the influenza viral proteins 

hours and virus was amplified and plaqued on MDBK cells expressed in each sample. C) 293 cells were infected with 

in the absence of protease. Virus obtained from plaques was the four required vaccinia and transfected with synthetic 

then further amplified in MDBK cells and RNA was phenol- 10 RNP made using IVA-CAT-I (lane 1) or IVA-CAT-2 (lane 2) 

extracted from purified virus preparations as described in RNA. After overnight incubation, cells were harvested and 

Sections 6.1 et seq. and 7.1 et seq. RNAs were separated on CAT assa Y s were performed. 

2.8% polyacrylamide-0.075 % bisacrylamide gels contain- FIG- 21- Schematic representation of the RSV/CAT con- 
ing 7.7M urea in TBE buffer and visualized by silverstaining struct (pRSVA2CAT) used in rescue experiments. The 
as described in Section 6.1 et seq. Lanes land 6: WSN-HK 15 approximate 100 nt long leader and 200 nt long trailer 
virus RNA. Lane 2: RNA of virus which was rescued from re g 10ns of L RSV ™ ere constructed by the controlled anneal- 
MDBK cells following RNP-transfection with pT3NAv ing of synthetic ohgonudeotides containing partial overlap- 
derived NARNA and infection with helper virus WSN-HK. PJ?« complementarity. ^ overlapping leader ohgonucle- 
Lane 3: NARNA transcribed in vitro from pT3NAv. Lane 4: * y the ^ ^wn in the construct. 
nMA e t , n , CKr . t cnxTAf- uu Th e overlapping trailer nucleotides are indicated by the 
RNA of control WSN virus Lane 5: RNA of virus which 20 1T _ QT ^ ^ the ^ e nudeo|ide c y es of 

was rescued from MDBK cells following RNP-transfection the leader and trailer oligonucleotides are shown below the 

with phenol-extracted WSN virus RNA and infection with construct . fully formed leader and trailer DNAs were 

helper virus WSN-HK. ligated into purified CAT gene DNA at the indicated Xbal 

FIG. 18. Sequence analysis of RNA obtained from res- and PstI sites respectively. This entire construct was then 

cued influenza virus containing five site-specific mutations. 25 ligated into KpnI/Hindlll digested pUC19. The inclusion of 

Following infection with the WSN-HK helper virus, MDBK a T7 promoter sequence and a Hgal site flanking the trailer 

cells were RNP-transfected with T3NAv mut 2 RNA which and leader sequences respectively allowed in vitro synthesis 

was obtained by transcription from pT3NAv mut 2. Follow- 0 f RSV/CAT RNA transcripts containing the precise 

ing overnight incubation in the presence of 28 //g/ml genomic sequence 3' and 5' ends. 

plasminogen, medium was used for propagation and plaqu- 30 FIG. 22. Thin layer chromatogram (TLC) showing the 

ing on MDBK cells in the absence of protease. Virus from CAT activity present in 293 cell extracts following infection 

plaques was then amplified and RNA was obtained follow- and tra nsfection with RNA transcribed from the RSV/CAT 

ing phenol-extraction of purified virus. Rescue of the mutant construct shown in FIG. 1. Confluent monolayers of 293 

NA gene into virus particles was verified through direct cells in 6 _ wdl plates ^ 1Q 6 ^ wefe infected ^ dther 

RNA sequencing using 35 RSV A2 or B9320 at an m.o.i. of 0.1-1.0 pfu cell 31 K At 1 

S'-TACGAGG AAATGTTCCTGTTA-3' as primer nour post infection the cells were transfected with 5-10 /ig 

(corresponding to position 800-819; Hiti et al., J. Virol., 41: of CAT/RSV using the Transferee™ protocol of Gibco 

730-734) and reverse transcriptase (Yamashita et al., 1988, BRL. AT 24 hours post infection the infected/transfected 

Virol. 163: 112-122). Sequences shown correspond to posi- monolayers were harvested and processed for subsequent 

tion 878-930 in the NA gene (Hiti et al, J. Virol. 41: 40 CAT assay according to Current Protocols in Molecular 

730-734). The arrows and the underlined nucleotides indi- Biology, Vol. 1, Chapter 9.6.2; Gorman, et al, (1982) Mol. 

cate the changes in the mutant RNA compared to the wild Q e rj Bk)i 2*1044-1051 

^ ft: „ C °u tr ™ R * N ^ ° btained fr ° m infl " enza Lanes 1, 2, 3, and 4 show the CAT activity present in (1) 

A^SN/33 virus Right: RNAof mutant virus rescued from uninfected 293 ^ transfected with CAT/RSV RNA, (2) 

MDBK cells which were RNP-transfected with T32NAv 4S j^.^ infected 293 cells> transfected with C AT/RSV 

mut 2 RNA and mfected with helper virus WSN-HK. RNA, (3) RSV-B9320 infected 293 cells transfected with 

FIG. 19. CAT expression in vaccinia virus-infected/ CAT/RSV RNA, (4) RSV-A2 infected 293 cells, co-infected 

IVACAT-1 RNP transfected cells. Approximately 10 mouse wilh sup ematant from (2) above. The CAT activity observed 

C127 cells in 35 mm dishes were infected with mixtures of i n each i ane was pro duced from Vs of the total cellular 

recombinant vaccinia viruses (Smith et al., 1986) at an 50 extract from 10 s cells 

MO I. of approxtaately 10 for each vector After 15 hours, FIG. 23. Schematic representation of the RSV strain A2 

synthetic IVACAT-1 RNP was transfected into the virus- e snowi the relative itions of (he rimer ^ 

infected cells as described (Lutjyes et al., 1989)^ Cells were used for , he thesis of cDNAs the enlire 

incubated overnight harvested and assayed for CAT activity e The endonuclease siles used t0 lice these clones 

according to standard procedures (Gorman et al., 1982). The 55 together m m6iQiteA . theS e sites were present in the native 

assays contained 0.05 uCl [ C] chloramphenicol, 20 ul of RSV „ and wefe induded in the rimeR . used fof 

40 mM acety^l-CoA (Boehnnger and 50 ul of cell extracts in C DNA synthesis. Approximately 100 ng of viral genomic 

0.25 M rns buffer (pH 7.5). Incubation times were approxi- RNA was used in RT/PCR reactions for the separate syn- 

mately 4 hours The labels under the ane numbers indicate thesis of eacn of tne xym cDNAs The rimers for , he fi[St 

the treatment of cells. Lanes 1-control; 2-naked RNA trans- 6 o and second strand cDNA synt hesis from the genomic RNA 

fection (no polymerase added), no helper virus infection; hte m also shown Fof each cDNA> , he imers for ^ 

3-RNP transfection no helper virus; 4-RNP transfection, firs , strand synthesis are nos . x _ 7 and lhe primers for the 

mfluenza virus as helper; Lanes 5-11-RNP transfection, second stfand thesis are Q0S V _ T 
vaccinia virus vectors as helper viruses express the indicated 

influenza virus proteins. 65 5. DESCRIPTION OF THE INVENTION 

FIG. 20. Test of various cell lines. A) Cells were infected This invention relates to the construction and use of 

with vaccinia vectors expressing the PB2, PB1 and PA recombinant negative strand viral RNA templates which 
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may be used with viral RNA-directed RNA polymerase to mutations into the WSN NAgene by cassette mutagenesis of 

express heterologous gene products in appropriate host cells the plasmid DNA. Sequence analysis of the rescued virus 

and/or to rescue the heterologous gene in virus particles. The revealed that the genome contained all five mutations 

RNA templates may be prepared by transcription of appro- present in the mutated plasmid. This technology can be used 

priate DNA sequences using a DNA-directed RNA poly- 5 t0 crea te viruses with site-specific mutations so that influ- 

merase such as bacteriophage T7 T3 or the Sp6 polymerase. enza with defined biological properties may be 

Using influenza, for example, the DNA is constructed to engineered. 

encode the message- sense of the heterologous gene ^ ..." . ^ VTT , 

sequence Hanked upstream of the ATG by the complement P Thc a ^. y t0 recon f tute RNPs in the design 
of the viral polymerase binding site/promoter of influenza, 10 ° f D0Ve ,l chlmenc , influ u enza v ^ ,ses ^ hich f x P ress ^ a 
i.e., the complement of the 3'-teTminus of a genome segment geneS - ° ne fl Way t0 . achieve th * goal involves modifying 
ofinfluenza.Forrescueinvirusparticle S) it m aybepreferred eHS, ! ng ^ U fi en , Za ^ gen / s - For exam P le " the HA 8 ene 
to flank the heterologous coding sequence with the comple- may be m °* fied l ° c ° ntain fore >gn sequences in its external 
mentofboththe3'-terminusandthe5'-terminusof agenome domainS - the net «°logous sequence are epitopes or 
segment of influenza. After transcription with a DNA- antigens of pathogens, these chimeric viruses may be used 
directed RNA polymerase, the resulting RNA template will t0 ^ a P[ ot ? c f e immune response against the disease 
encode the negative polarity of the heterologous gene agent from which these determinants are denved. In addition 
sequence and will contain the vRNAterminal sequences that !° m ° dlf y m S f nes codm 8 for surfa f P r ° te »«> genes cod- 
enable the viral RNA-directed RNA polymerase to recog- ! ng f ° r ™ rface P"> telns ma y]> e al ' ered - The latter genes 
nize the template ave n snown t0 be associated with most of he important 
t, , . ' . w , 20 cellular immune responses in the influenza virus system 
The recombinant negative sense RNA templates may be (Townsend et aL> 198 F 5> Cell 42; 475 ^ 2) ^ , he [ ndu . 

vV^RN? 7 f hTm P° T" 56 C ° mP f COm Pf in i si °" ° f a foreign deterrninant in the NP or he NS gene of an 

viral RNA-directed RNA polymerase proteins (the P • fl • * n • • r • j ^ 

> * \ j , , . , XT „ X ,. , * ( . - , influenza virus may — following infection — induce an effec- 

proteins) and nucleoprotein (NP) which may be isolated 4 - „ i • J 6 . , . <t \ 

from RNP cores prepared from whole virus to form "recom- 25 tlVe ceUular immune response against tbs determinant. Such 

binant RNPs" (rRNPs). These rRNPs are infectious and may " -TT ^ ? , P I * situations in 

be used to express the heterologous gene product in appro- wh ' ch P rotectlve ™mty heavily depends on the induction 

■ 4 , , „ 4 *u i. * i • • °f cellular immune responses (e.g., malaria, etc.). 

pnate host cells or to rescue the heterologous gene in virus 7 

particles by cotransfection of host cells with the rRNPs and Another approach which would permit the expression of 

virus. Alternatively, the recombinant RNA templates may be 30 fore ign proteins (or domains of such proteins) via chimeric 

used to transfect transformed cell lines that express the influenza viruses concerns the introduction of complete 

RNA-directed RNA polymerase proteins allowing for heterologous genes into the virus. Influenza virus prepara- 

complementation. ^ 0DS w * tn more tnan eight RNA segments have previously 

The invention is demonstrated by way of working ^ d ^ cd (N j^' V' *u * G V*i<* . ot In ? 7 uenza 

examples in which RNA transcripts of cloned DNA con- 35 ^ R Pa L e « bu 7' ec l s " Sprmger-Verlag, 

taining the coding region-in negative sense orientation-of VlcaDa ' pp * 255 ~^ A 9 >' Thus - chimenc influenza vi ™es with 

the chloramphenicol acetyltransferase (CAT) gene flanked nm ? or mor ? R NA segments may be viable, and correct 

by the 22 5' terminal and the 26 3' terminal nucleotides of the P acka S in g of such c ^eric viruses may readily occur, 

influenza A/PR/8/34 virus NS RNA were mixed with iso- The invention may be divided into the following stages 

lated influenza A virus polymerase proteins. This reconsti- 40 s °lely f° r tne purpose of description and not by way of 

tuted ribonucleoprotein (RNP) complex was transfected into limitation: (a) construction of recombinant RNA templates; 

MDCK (or 293) cells, which were infected with influenza b ) expression of heterologous gene products using the 

virus. CAT activity was negligible before and soon after recombinant RNA templates; and (c) rescue of the heterolo- 

virus infection, but was demonstrable by seven hours post g° us 8 ene in recombinant virus particles. For clarity of 

virus infection. When cell supernatant containing budded 45 discussion, the invention is described in the subsections 

virus from this "rescue" experiment was used to infect a new below n^ng influenza. Any strain of influenza (e.g., A, B, C) 

monolayer of MDCK cells, CAT activity was also detected, mav be utilized. However, the principles may be analo- 

suggesting that the RNA containing the recombinant CAT gously applied to construct other negative strand RNA virus 

gene had been packaged into virus particles. These results templates and chimeric viruses including, but not limited to 

demonstrate the successful use of recombinant negative 50 P aram yxoviruses, such as parainfluenza viruses, measles 

strand viral RNA templates and purified RNA-dependent viruses, respiratory syncytial virus; bunyaviruses; arena 

RNA polymerase to reconstitute recombinant influenza virus viruses; etc. Section 9 describes and exemplifies the appli- 

RNP. Furthermore, the data suggest that the 22 5' terminal cation of tnese principles to the construction of respiratory 

and the 26 3' terminal sequences of the influenza A virus syncytial virus templates and chimeric respiratory syncytial 

RNA are sufficient to provide the signals for RNA 55 viruses. A particularly interesting virus system that can be 

transcription, A replication and for packaging of RNA into used in accordance with the invention are the orthomyxo- 

influenza virus particles. like insect virus called Dhori (Fuler, 1987, Virology 160: 

Using this methodology we also demonstrated the rescue 81-87). 

of synthetic RNAs, derived from appropriate recombinant _ A . c , „ „ kTi 

plasmid DNAs, into stable and infectious influenza viruses. 60 5A ' Construcllon the Recombinant RNA 

In particular, RNA corresponding to the neuraminidase (NA) lemplates 

gene of influenza A/WSN/33 virus (WSN) was transcribed Heterologous gene coding sequences flanked by the 

in vitro from plasmid DNA and, following the addition of complement of the viral polymerase binding site/promoter, 

purified influenza virus polymerase complex, was trans- e.g, the complement of 3'-influenza virus terminus, or the 

fected into MDBK cells. Superinfection with helper virus 65 complements of both the 3'-and S'-influenza virus termini 

lacking the WSN NA gene resulted in the release of virus may be constructed using techniques known in the art. 

containing the WSN NAgene. We then introduced five point Recombinant DNA molecules containing these hybrid 
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sequences can be cloned and transcribed by a DNA-directed 5.1.2. Terminal Panhandle is not Required for Optimal 

RNA polymerase, such as bacteriophage T7, T3 or the Sp6 Recognition and Synthesis by the Viral Polymerase 

polymerase and the like, to produce the recombinant RNA We had previous i y shown mat ^ in fl U e nZ a vital segment 

templates which possess the appropriate viral sequences that RNAs base-pair at their termini to form panhandle struc- 

allow for viral polymerase recognition and activity. 5 tures. This was achieved by two methods A cross-linking 

One approach for constructing these hybrid molecutes is derivative of psoralen covalently bound the termini 

to insert the heterologous coding sequence into a DNA of each ^ ^ ^ ^ Qr ^ ^ frQm infected 

complement of an influenza vims genomic segment so that cdls (Hsu et a] 19g7 Proc Na „ Acad ^ USA M 

the heterologous sequence is flanked by the viral sequences C1/in Q ia A \ TL n t _*_i DNTA . , . 

. jr & . . , t . . J . iL . M . . 8140-8144). The treated RNA was seen by electron micros- 
required for viral polymerase activity; i.e., the viral poly- 10 /%rt „„ trt k / • rr , llla<1 « rtf t . rt ,. , , t 

u * j ■ •» / * u • A r j * *u C0 Py t0 be circular, by virtue ot the cross-linked termini. 

merase binding site/promoter, hereinafter referred to as the o;~-i^i,, ,u dma *L ;„ n\m c j * u 

. . , i . « . . ' . . . , Similarly, the RNA termini in RNPs were found to be 

viral polymerase binding site. In an alternative approach, tQ ribonuclease V1 which rec0 izes and cleaves 

oligonucleot.des encoding the viral polymerase binding site, double . stranded RNA> and the viral polj f merase was found 

e.g., the complement of the 3 -terminus or both termini of the (0 be bound tQ both termim ^ ^ conformation 

virus genomic segments can be hgated to the heterologous 15 (Hond e , a m8 Biochem ^. 1021 _ 1026) ,„ these 

coding sequence to construct the hybrid molecule. The smdies ^ handle structure of the fc ^ NA wag 

placement of a fore.gn gene or segment of a foreign gene shown tQ exi and ft was inferred * 

within a target sequence was formerly dictated by the , ^ ition . Altho h the temp [ at J RNAs ^ 

presence of appropriate restriction enzyme sites within the ^ ^ ^ described were orf inaU ^ ared revea , 

target sequence. However, recent advances in molecular on ; Mrt -fi rt u- f j *u * 

, . , 7 , j , . n n * • panhandle-specific protein binding, it was found that the 

biology have lessened this problem greatly. Restriction u m u a u • i * *u i 

&J . , . . . * « ° J . . . terminal panhandle had no obvious role in the polymerase 

enzyme sites can readily be placed anywhere within a target reac tions studied herein, 
sequence through the use of site-directed mutagenesis (e.g., 

see, for example, the techniques described by Kunkel, 1985, 5 * L3 * ^ RNA Polymerase Preparation Specifically 

Proc. Natl. Acad. Sci. U.S.A. 82;488). Variations in poly- 25 C ° pieS Ne S atlve Sense Tem P la tes 

merase chain reaction (PCR) technology, described infra, The viral polymerase was shown to synthesize RNA with 

also allow for the specific insertion of sequences (i.e., optimal efficiency if the template had the "wild-type" nega- 

restriction enzyme sites) and allow for the facile construe- tive sense 3' terminus. It was shown that RNAs of unrelated 

tion of hybrid molecules. Alternatively, PCR reactions could sequence were not copied, and that those with extra 

be used to prepare recombinant templates without the need 30 polylinker sequences on the 3' end were much less efficiently 

of cloning. For example, PCR reactions could be used to copied. A DNA of the correct sequence was similarly 

prepare double-stranded DNA molecules containing a DNA- unsuitable as a template. The reaction was highly specific 

directed RNA polymerase promoter (e.g., bacteriophage T3, sinc « the M-wt template was replicated only at very low 

T7 or Sp6) and the hybrid sequence containing the heter- levels. Even though our source of polymerase was intact 

ologous gene and the influenza viral polymerase binding 35 virus, this finding was very surprising since it had never 

site. RNA templates could then be transcribed directly from oeen suggested that the polymerase which recognizes the 

this recombinant DNA. In yet another embodiment, the viral s^se RNA would not efficiently copy the plus sense 

recombinant RNA templates may be prepared by ligating strand. Studies are underway to examine the specificity of 

RNAs specifying the negative polarity of the heterologous me polymerase purified from infected cells at times post 

gene and the vital polymerase binding site using an RNA 40 infection when the complementary RNA is copied into 

ligase. Sequence requirements for viral polymerase activity genomic templates. The present data support a model 

and constructs which may be used in accordance with the whereby the viral polymerase which copies vRNA is func- 

invention are described in the subsections below. tionally different from that which synthesizes vRNA from 

5.1.1. The Viral 3 , -Terminus is Required for Polymerase cRNA by virtue of their promoter recognition. It is possible 

Activity 45 tnal by regulated modification of the polymerase in infected 

The experiments described in Section 6 et seq., infra, are cells il then becomes ca P able of recognizing the 3' terminus 

the first to define promoter sequences for a polymerase of a of P lus sense RNA B ? ^yzmg promoter mutants we 

negative-sense RNA virus, and it was found that the speci- investigated the fine specificity of the reaction and found 

ficity lies in the 3' terminal 15 nucleotides. These viral that the onl y sin S Ie mutati on which generated a significantly 

polymerase binding site sequences, as well as functionally 50 lower level of s y nlhesis wa s that of V-A 3 RNA. 

equivalent sequences may be used in accordance with the Furthermore, combinations of two or more point changes in 

invention. For example, functionally equivalent sequences P 0Slt "ms 3, 5, 8 and 10 greatly lowered synthesis levels, 

containing substitutions, insertions, deletions, additions or 5.1.4. Insertion of the Heterologous Gene Sequence into 

inversions which exhibit similar activity may be utilized. the PB2 PB1 PA or NP Gene Segments 

The RNA synthesis by the viral polymerase described infra 55 The gene segments coding for the PB2, PB1, PA and NP 

is a model for specific recognition and elongation by the proteins contain a single open reading frame with 24-45 

influenza viral polymerase for the following reasons: (a) the untranslated nucleotides at their 5'-end, and 22-57 untrans- 

polymerase has high activity when primed with ApG, a lated nucleotides at their 3'-end. Insertion of a foreign gene 

feature unique to influenza viral polymerase; (b) it has sequence into any of these segments could be accomplished 

optimal activity at temperature and ionic conditions previ- 60 by either a complete replacement of the viral coding region 

ously shown to be effective for the viral RNPs; (c) the with the foreign gene or by a partial replacement. Complete 

polymerase is specific for influenza viral sequences on the replacement would probably best be accomplished through 

model RNA templates; (d) the polymerase is active in the the use of PCR-directed mutagenesis. The principle of this 

cap-endonuclease primed RNA synthesis which is the hall- mutagenesis method is illustrated in FIG. 10. Briefly, PCR- 

mark of the influenza viral polymerase; (e) recognition of 65 primer A would contain, from 5' to 3\ a unique restriction 

cap donor RNA is specific to cap 1 structures; and (f) enzyme site, such as a class IIS restriction enzyme site (i.e., 

genomic RNA segments are specifically copied. a "shifter" enzyme; that recognizes a specific sequence but 
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cleaves the DNA either upstream or downstream of that 
sequence); the entire 3' untranslated region of the influenza 
gene segment; and a stretch of nucleotides complementary 
to the carboxy-terminus coding portion of the foreign gene 
product. PCR-primer B would contain from the 5' to 3' end: 
a unique restriction enzyme site; a truncated but active 
phage polymerase sequence; the complement of the entire 5' 
untranslated region of the influenza gene segment (with 
respect to the negative sense vRNA); and a stretch of 
nucleotides corresponding to the 5 f coding portion of the 
foreign gene. After a PCR reaction using these primers with 
a cloned copy of the foreign gene, the product may be 
excised and cloned using the unique restriction sites. Diges- 
tion with the class IIS enzyme and transcription with the 
purified phage polymerase would generate an RNA mol- 
ecule containing the exact untranslated ends of the influenza 
viral gene segment with a foreign gene insertion. Such a 
construction is described for the chloramphenicol acetyl- 
transferase (CAT) gene used in the examples described in 
Section 7 infra. In an alternate embodiment, PCR-primed 
reactions could be used to prepare double -stranded DNA 
containing the bacteriophage promoter sequence, and the 
hybrid gene sequence so that RNA templates an be tran- 
scribed directly without cloning. 

Depending on the integrity of the foreign gene product 
and the purpose of the construction, it may be desirable to 
construct hybrid sequences that will direct the expression of 
fusion proteins. For example, the four influenza virus 
proteins, PB2, PB1, PAor NP are polymerase proteins which 
are directed to the nucleus of the infected cell through 
specific sequences present in the protein. For the NP this 
amino acid sequence has been found to be (single letter 
code) QLVWMACNSAAFEDLRVLS (Davey et al., 1985, 
Cell 40: 667-675). Therefore, if it is desired to direct the 
foreign gene product to the nucleus (if by itself it would not 
ordinarily do so) the hybrid protein should be engineered to 
contain a domain which directs it there. This domain could 
be of influenza viral origin, but not necessarily so. Hybrid 
proteins can also be made from non-viral sources, as long as 
they contain the necessary sequences for replication by 
influenza virus (3' untranslated region, etc.). As another 
example, certain antigenic regions of the viral gene products 
may be substituted with foreign sequences. Townsend et al., 
(1985, Cell 42: 475-482), identified an epitope within the 
NP molecule which is able to elicit a vigorous CTL 
(cytotoxic T cell) response. This epitope spans residues 
147-161 of the NP protein and consists of the amino acids 
TYQ RTRQ LVRLTG M DP. Substituting a short foreign 
epitope in place of this NP sequence may elicit a strong 
cellular immune response against the intact foreign antigen. 
Conversely, expression of a foreign gene product containing 
this 15 amino acid region may also help induce a strong 
cellular immune response against the foreign protein. 

5.1.5. Insertion of the Heterologous Gene Sequence into 
the HA or NA Gene Segments 

The HA and NA proteins, coded for by separate gene 
segments, are the major surface glycoproteins of the virus. 
Consequently, these proteins are the major targets for the 
humoral immune response after infection. They have been 
the most widely-studied of all the influenza viral proteins as 
the three-dimensional structures of both these proteins have 
been solved. 

The three-dimensional structure of the H3 hemagglutinin 
along with sequence information on large numbers of vari- 
ants has allowed for the elucidation of the antigenic sites on 
the HA molecule (Webster et al., 1983, In Genetics Of 
Influenza Virus, P. Palese and D. W. Kingsbury, eds., 
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Springer- Verlag, Vienna, pp. 127-160). These sites fall into 
four discrete non-overlapping regions on the surface of the 
HA. These regions are highly variable and have also been 
shown to be able to accept insertions and deletions. 

5 Therefore, substitution of these sites within HA (e.g., site A; 
amino acids 122-147 of the A/HK/68 HA) with a portion of 
a foreign protein may provide for a vigorous humoral 
response against this foreign peptide. In a different 
approach, the foreign peptide sequence may be inserted 

10 within the antigenic site without deleting any viral 
sequences. Expression products of such constructs may be 
useful in vaccines against the foreign antigen, and may 
indeed circumvent a problem discussed earlier, that of 
propagation of the recombinant virus in the vaccinated host. 

15 An intact HA molecule with a substitution only in antigenic 
sites may allow for HA function and thus allow for the 
construction of a viable virus. Therefore, this virus can be 
grown without the need for additional helper functions. Of 
course, the virus should be attenuated in other ways to avoid 

20 any danger of accidental escape. 

Other hybrid constructions may be made to express 
proteins on the cell surface or enable them to be released 
from the cell. As a surface glycoprotein, the HA has an 
amino-terminal cleavable signal sequence necessary for 

25 transport to the cell surface, and a carboxy-terminal 
sequence necessary for membrane anchoring. In order to 
express an intact foreign protein on the cell surface it may 
be necessary to use these HA signals to create a hybrid 
protein. Alternatively, if only the transport signals are 

30 present and the membrane anchoring domain is absent, the 
protein may be excreted out of the cell. 

In the case of the NA protein, the three-dimensional 
structure is known but the antigenic sites are spread out over 
the surface of the molecule and are overlapping. This 

35 indicates that if a sequence is inserted within the NA 
molecule and it is expressed on the outside surface of the NA 
it will be immunogenic. Additionally, as a surface 
glycoprotein, the NA exhibits two striking differences from 
the HA protein. Firstly, the NAdoes not contain a cleavable 
signal sequence; in fact, the amino-terminal signal sequence 
acts as a membrane anchoring domain. The consequence of 
this, and the second difference between the NA and HA, is 
that the NA is orientated with the amino-terminus in the 
membrane while the HA is orientated with the carboxy- 

45 terminus in the membrane. Therefore it may be advanta- 
geous in some cases to construct a hybrid NA protein, since 
the fusion protein will be orientated opposite of a H A-fusion 
hybrid. 

5Q 5.1.6. Insertion of the Heterologous Gene into the NS and 
M Gene Segments 

The unique property of the NS and M segments as 
compared to the other six gene segments of influenza virus 
is that these segments code for at least two protein products. 

55 In each case, one protein is coded for by an mRNA which 
is co-linear with genomic RNA while the other protein is 
coded for by a spliced message. However, since the splice 
donor site occurs within the coding region for the co-linear 
transcript, the NS1 and NS2 proteins have an identical 10 

60 amino acid amino terminus while MI and M2 have an 
identical 14 amino acid amino terminus. 

As a result of this unique structure, recombinant viruses 
may be constructed so as to replace one gene product within 
the segment while leaving the second product intact. For 

65 instance, replacement of the bulk of the NS2 or M2 coding 
region with a foreign gene product (keeping the splice 
acceptor site) could result in the expression of an intact NS1 
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or Ml protein and a fusion protein instead of NS2 or M2. proteins such as 3P-38 and 3P-133 (Krystal et al., 1986, 

Alternatively, a foreign gene may be inserted within the NS Proc. Natl. Acad, Sci. U.S.A. 83: 2709-2713) may be 

gene segment without affecting either NS1 or NS2 expres- utilized as appropriate host cells. Host cells may be similarly 

sion. Although most NS genes contain a substantial overlap engineered to provide other viral functions or additional 

of NS1 and NS2 reading frames, certain natural NS genes do 5 functions such as NP. 

not. We have analyzed the NS gene segment from A/Ty/Or/ 5.2.1. Purification of the Viral Polymerase 

71 virus (Norton et al., 1987, Virology 156: 204-213) and The viral polymerase proteins used to produce the rRNPs 

found that in this particular gene, the NS1 protein terminates may be purified from dissociated RNP cores isolated from 

at nucleotide position 409 of the NS gene segment while the whole virus. In general, RNP cores may be prepared using 

splice acceptor site for the NS2 is at nucleotide position 528. 10 standard methods (Plotch et al., 1981, Cell 23: 847-858; 

Therefore, a foreign gene could be placed between the Rochavansky, 1976, Virology 73: 327-338). The pooled 

termination codon of the NS1 coding region and the splice RNP cores ma y then be ce ntrifuged on a second gradient of 

acceptor site of the NS2 coding region without affecting CsCl (1.5-3.0M) and glycerol (30%^5%) as described by 

either protein. It may be necessary to include a splice Honda et al., 1988 J. Biochem. 104: 1021-1026. The active 

acceptor site at the 5' end of the foreign gene sequent to 15 viral polymerase fractions may be isolated from top of the 

ensure protein production (this would encode a hybrid f ,^9 nM*^r a*** ° f ™f im Z™f 

. V . r t 1.5 to 2.0M CsCl and corresponding to the fraction Honda 

protein containing the amino-terminus of NS1). In this way, el al identified ^ <(Np> , Surprisingly, this fraction contains 

the recombinant virus should not be defective and should be all the viral po i ymerase pro teins required for the active 

able to be propagated without need of helper functions. complex. Moreover, the P proteins which may be recovered 

Although the influenza virus genome consists of eight 20 f rom the bottom of the gradient are not required, and indeed 

functional gene segments it is unknown how many actual do not provide for the transcription of full length viral RNA. 

segments a virus packages. It has been suggested that Thus, it appears that the so-called "NP" fraction contains, in 

influenza can package more than eight segments, and pos- addition to NP, the active forms of the PB2, PB1, and PA 

sibly up to 12 (Lamb and Choppin, 1983, Ann. Rev. Bio- proteins. 

chem. 52: 467-506). This would allow for easier propaga- 25 5.2.2. High Concentrations of Polymerase are Required 

tion of recombinant virus in that "ninth" gene segment could for Cap-Primed RNA Synthesis 

be designed to express the foreign gene product. Although High concentrations of viral polymerase complex are able 

this "ninth" segment may be incorporated into some viruses, to catalyze this virus-specific cap-endonuclease primed tran- 

it would soon be lost during virus growth unless some scription. Under the conditions specified in Section 6 infra, 

selection is supplied. This can be accomplished by "uncou- 30 about 50 ng NP with 200 pg of the three P proteins were 

pling" the NS or M gene segment. The NS2 coding portion found 10 react optimally with 5 to 10 ng RNA reaction. The 

could be removed from the NS gene segment and placed on observation has been that although the NP selectively 

the gene segment coding for the foreign protein (along with encapsulates influenza vRNA or cRNA in vivo, the NP will 

appropriate splicing signals). Alternatively, a bicistronic * n ^P^^ ™ V * T0 (Kingsbury, et al., 

mRNA could be constructed to permit internal initiation to 35 9 * 7 > ^ to fl n 15 * Scholtissek and Becht, 1971 

"unsplice" these viral sequences; for example, using the J * f 5 CD ' Vu ° ' 10: n-^). Presumably, m order for the viral 

j u j L ti ii .i „non xt ^ polymerase to recognize the viral template RNAs in our in 

^n C w th ft k- ' i ' ^ " itro reaction > th ^ have t0 be enca P psidated by the NP. 

320-325 The resulting recombinant virus with the the addition of a d mRNA primer would 

uncoupled NS or M gene would be able to propagate on essentially compete with the template RNA for binding of 
its own and also would necessarily have to package the 40 NR Since ^ dinucleotide ApG would QOt be expected t0 
"ninth" gene segment, thus ensuring expression of the bind NP, the low concentration polymerase was able to use 
foreign gene. only the short templates with ApG. Supporting this hypoth- 
5.2. Expression of Heterologous Gene Products esis * the observation that the higher concentration poly- 
Using Recombinant RNA Template , merase preparation is inhibited through the addition of 

45 progressively higher amounts of either template RNA or any 

The recombinant templates prepared as described above non-specific RNA. It should also be noted that the unusual 

can be used in a variety of ways to express the heterologous specificity for the m7GpppXm cap 1 structure previously 

gene products in appropriate host cells or to create chimeric shown with viral RNPs was also found with the reconsti- 

viruses that express the heterologous gene products. In one tuted RNPs. 

embodiment, the recombinant template can be combined 50 5.2.3. Genomic Length RNA Templates are Efficiently 

with viral polymerase complex purified as described in Copied 

Section 6, infra, to produce rRNPs which are infectious. Dlllcn ,;j a**u,-a dxta a 1 * * o r *u 

AU 1 *i_ i_- 1 1 1 Plasmid-derived RNA identical to segment 8 of the 

Alternatively, the recombinant template may be mixed with aa\/cmaii • en • j u *u 1 

. , , J) . / . 7 " A/WSN/33 virus was specifically copied by the polymerase 

viral polymerase complex prepared using recombinant DNA „ tUa Di ~ D matU „A a u V nr m\ t ** 

™tuLw if- u * 1 mon xr i ^ m (using the PCR method described in FIG. 10). In reactions 

methods (e.g., see Kingsbury et al., 1987, Virology 156: 55 dwa ~* * a e - n • u* 

, n , AM \ \r \ nxm t_ a c • usin S RNA extracted from virus, all eight segments were 

jyo-^. bucn rKlNrs, when used to translect appropriate > dy a i lhough the H A gene was copied at a lower level, 

host ceUs, may direct the expression of the heterologous ^ background in these reactions was decreased in com . 

g e neproductathighl e v e ls ; Hostcellsystemswh.chprovide ^ lQ ^ 3Q {Q „ m ( , bM ^ 

for h.gh evels of express.on include continuous cell lines contaminating RNAs fa the po { mer J preparation were 

that supply viral functions such as cell lines supennfected 6 o predominantly defective RNAs of small size Recombinant 

e W nz h a iSS,^ engm66r6d * 0011,1)16,11601 ^ ^ T** ^ ^ ^ 

_ . may be used to rescue the engineered gene in a virus particle. 

In an alternate embodiment of the invention, the recom- 
binant templates or the rRNPs may be used to transfect cell 5 - 3 - Preparation of Chimeric Negative Strand RNA 
lines that express the viral polymerase proteins in order to 65 Virus 

achieve expression of the heterologous gene product. To this In order to prepare chimeric virus, reconstituted RNPs 

end, transformed cell lines that express all three polymerase containing modified influenza virus RNAs or RNA coding 
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for foreign proteins may be used to transfect cells which are used to rescue recombinant infectious virus in accordance 

also infected with a "parent" influenza virus. Alternatively, with the invention. To this end, the influenza virus poly- 

the reconstituted RNP preparations may be mixed with the merase proteins may be expressed in any expression vector/ 

RNPs of wild type parent virus and used for transfection host cell system, including but not limited to viral expression 

directly. Following reassortment, the novel viruses may be 5 vectors (e.g., vaccinia virus, adenovirus, baculovirus, etc.) 

isolated and their genomes be identified through hybridiza- or cell lines that express the polymerase proteins (e.g., see 

tion analysis. In additional approaches described herein for Krystal et aL, 1986, Proc. Natl. Acad. Sci. USA 83: 

the production of infectious chimeric virus, rRNPs may be 2709-2713). Moreover, infection of host cells with rRNPs 

replicated in host cell systems that express the influenza encoding all eight influenza virus proteins may result in the 

viral polymerase proteins (e.g., in virus/host cell expression 10 production of infectious chimeric virus particles. This sys- 

systems; transformed cell lines engineered to express the tem would eliminate the need for a selection system, as all 

polymerase proteins, etc.), so that infectious chimeric virus recombinant virus produced would be of the desired geno- 

are rescued; in this instance, helper virus need not be utilized type. In the examples herein, we describe a completely 

since this function is provided by the viral polymerase synthetic replication system where, rather than infecting 

proteins expressed. In a particularly desirable approach, 15 cells with influenza virus, synthetic RNP's are replicated in 

cells infected with rRNPs engineered for all eight influenza cells through the action of influenza virus proteins expressed 

virus segments may result in the production of infectious by recombinant vaccinia vectors. In this way we show that 

chimeric virus which contain the desired genotype; thus the only influenza virus proteins essential for transcription 

eliminating the need for a selection system. and replication of RNP are the three polymerase proteins and 

Theoretically, one can replace any one of the eight gene 2 o tne nuc l eo P rotem - 

segments, or part of any one of the eight segments with the It should be noted that it may be possible to construct a 

foreign sequence. However, a necessary part of this equation recombinant virus without altering virus viability. These 

is the ability to propagate the defective virus (defective altered viruses would then be growth competent and would 

because a normal viral gene product is missing or altered). not need helper functions to replicate. For example, alter- 

A number of possible approaches exist to circumvent this 2 5 auons in the hemagglutinin gene segment and the NS gene 

problem. We have shown that mutants of influenza virus segment discussed, supra, may be used to construct such 

defective in the PB2 and NP proteins can be grown to viable chimeric viruses. 

substantially higher titers in cell lines which were con- In the examples infra, the construction of a recombinant 

structed to constitutively express the polymerase and NP plasmid is described that, following transcription by T7 

proteins (Krystal et al., 1986 Proc. Natl. Acad. Sci. U.S.A. 30 polymerase, yielded an RNA template which was recog- 

83: 2709-2813). Similar techniques may be used to con- nized and transcribed by the influenza virus polymerase in 

struct transformed cell lines that constitutively express any vitro. This RNA template corresponds to the NS RNA of an 

of the influenza genes. These cell lines which are made to influenza virus except that the viral coding sequences are 

express the viral protein may be used to complement the replaced by those of a CAT gene. This recombinant negative 

defect in the recombinant virus and thereby propagate it. 35 strand viral RNA template was then mixed with purified 

Alternatively, certain natural host range systems may be influenza virus polymerase to reconstitute an RNP complex, 

available to propagate recombinant virus. An example of The recombinant RNP complex was transfected into cells 

this approach concerns the natural influenza isolate CR43-3. which were then infected with influenza virus, leading to 

This virus will grow normally when passaged in primary expression of CAT activity. 

chick kidney cells (PCK) but will not grow in Madin-Darby 40 A number of factors indicate that this system represents a 

canine kidney cells (MDCK), a natural host for influenza biologically active recombinant RNP complex which is 

(Maassab & DeBorde, 1983, Virology 130: 342-350). When under tight control of the signals for transcription, replica- 

we analyzed this virus we found that it codes for a defective tion and packaging of influenza virus RNAs. First, the CAT 

NS1 protein caused by a deletion of 12 amino acids. The gene is of negative polarity in the recombinant viral RNA 

PCK cells contain some activity which either complements 45 used for RNP transfection. Thus, the incoming RNA cannot 

the defective NS1 protein or can completely substitute for be translated directly in the cell and must first be transcribed 

the defective protein. by the influenza virus polymerase to permit translation and 

A third approach to propagating the recombinant virus expression of the CAT gene. Secondly, neither transfected 

may involve co-cultivation with wild-type virus. This could naked recombinant RNA alone in the presence of infecting 

be done by simply taking recombinant virus and co -infecting 50 helper virus, nor recombinant RNP complex in the absence 

cells with this and another wild-type virus (preferably a of infecting helper virus is successful in inducing CAT 

vaccine strain). The wild-type virus should complement for activity. This suggests that influenza viral proteins provided 

the defective virus gene product and allow growth of both by the incoming RNP, as well as by the infecting helper 

the wild-type and recombinant virus. This would be an virus, are necessary for the amplification of the recombinant 

analogous situation to the propagation of defective- 55 RNA template. Finally, after RNP-transfection and infection 

interfering particles of influenza virus (Nayak et al., 1983, by helper virus, virus particles emerge which apparently 

In: Genetics of Influenza Viruses, P. Palese and D. W. contain the recombinant RNA, since these particles again 

Kingsbury, eds., Springer- Verlag, Vienna, pp. 255-279). In induce CAT activity in freshly infected cells. These results 

the case of defective-interfering viruses, conditions can be suggest that the 26 3' terminal and the 22 5' terminal 

modified such that the majority of the propagated virus is the 60 nucleotides corresponding to the terminal nucleotides in the 

defective particle rather than the wild- type virus. Therefore influenza A virus NS RNA are sufficient to provide the 

this approach may be useful in generating high titer stocks signals for polymerase transcription and replication, as well 

of recombinant virus. However, these stocks would neces- as for packaging of the RNA into particles, 

sarily contain some wild-type virus. The foregoing results, which defined the cis acting 

Alternatively, synthetic RNPs may be replicated in cells 65 sequences required for transcription, replication and pack- 
co-infected with recombinant viruses that express the influ- aging of influenza virus RNAs, were extended by additional 
enza virus polymerase proteins. In fact, this method may be working examples, described infra, which demonstrate that 
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recombinant DNA techniques can be used to introduce anti-idiotypic immunoglobulins that mimic such epitopes 

site-specific mutations into the genomes of infectious influ- may be constructed into the chimeric viruses of the inven- 

enza viruses. tion. 

Synthetic RNAs, derived by transcription of plasmid Eilher a live recombinant viral vaccine or an inactivated 

RNA in vitro were used in RNP-transfection experiments to 5 recombinant viral vaccine can be formulated. A live vaccine 

rescue infectious influenza virus. To enable selection of this ma y be P referred because multiplication in the host leads to 

virus, we chose a system that required the presence of a a P rolon g ed stimulus of similar kind and magnitude to that 

WSN-like neuraminidase gene in the rescued virus. Viruses occurring in natural infections, and therefore, confers 

containing this gene can grow in MDBK cells in the absence substa ^ ial > long-lasting immunity Production of such live 

of protease in the medium (Schulman et al., 1977, J. Virol. io ^mb inant vims vaccine formulations may be accom- 

24: 170-176). The helper virus WSN-HK does not grow S^JS«i^^S nr^JST ^ P fT^°!I 

« • . . r , 4 . , of the virus in cell culture or in the allantois of the chick 

under these circumstances. Clearly, alternative selection emb Mowcd 5y p ur i fica tion. 

systems exist. For example, antibody screens or condition- , n thfa d me use of ticall engineered influenza 

ally lethal mutants could be used to isolate rescued viruses virus (vectors) for vaccine purposes may require the pres- 

containing RNAs derived from plasmid DNAs. In the is ence of attenuation characteristics in these strains. Current 

experiments viruses described infra, viruses which were live virus vaccine candidates for use in humans are either 

WSN virus-like were recovered. The WSN NA gene was co id adapted, temperature sensitive, or passaged so that they 

derived from plasmid DNAs or from purified WSN virion derive several (six) genes from avian viruses, which results 

RNA (FIG. 17, lanes 2 and 5). In the latter case, using whole in attenuation. The introduction of appropriate mutations 

virion RNA for the RNP-transfection, we do not know 20 ( e .g., deletions) into the templates used for transfection may 

whether other genes were also transferred to the rescued produce the novel viruses with attenuation characteristics, 

virus, since the helper virus shares the remaining seven For example, specific missense mutations which are asso- 

genes with WSN virus. The rescued viruses had the expected ciated with temperature sensitivity or cold adaptation can be 

RNA patterns (FIG. 17) and grew to titers in MDBK or made into deletion mutations. These mutations should be 

MDCK cells which were indistinguishable from those of the 25 more stable than the point mutations associated with cold or 

wild type WSN virus. It should be noted that rescue of an temperature sensitive mutants and reversion frequencies 

NA RNA containing a single nucleotide deletion in the 5' should be extremely low. 

nontranslated region was not possible. This again illustrates Alternatively, chimeric viruses with "suicide" character- 

the importance of regulatory sequences present in the non- ^cs may be constructed. Such viruses would go through 

translated regions of influenza virus RNAs. We also rescued 30 only one or a few rounds of replication in the host. For 

virus using RNA that was engineered to contain 5 nucleotide example, cleavage of the HA is necessary to allow for 

changes in a 39 nucleotide long region (FIG. 16). We reinitiation of replication. Therefore, changes in the HA 

verified the presence of these mutations in the rescued cleavage site may provide a virus that replicates in an 

mutant virus by direct sequencing of the RNA (FIG. 18). appropriate cell system but not in the human host. When 

These mutations did not result in any amino acid change in 35 used as a vaccine, the recombinant virus would go through 

the neuraminidase protein and thus were not expected to a single replication cycle and induce a sufficient level of 

change the biological property of the virus. Although this immune response but it would not go further in the human 

virus was not extensively studied, its plaquing behavior and nost and cause disease. Recombinant viruses lacking one or 

its growth characteristics were indistinguishable from that of more of lne essential influenza virus genes would not be able 

wild type WSN virus. Using such technology, mutations 40 to undergo successive rounds of replication. Such defective 

may be introduced that will change the biological charac- viruses can be produced by co-transfecting reconstituted 

teristics of influenza viruses. These studies will help in RNPs lacking a specific gene(s) into cell lines which per- 

distinguishing the precise functions of all the viral proteins, manently express this gene(s). Viruses lacking an essential 

including those of the nonstructural proteins. In addition, the gene(s) will be replicated in these cell lines but when 

nontranslated regions of the genome can be studied by 45 administered to the human host will not be able to complete 

mutagenesis, which should lead to a better understanding of a round of replication. Such preparations may transcribe and 

the regulatory signals present in viral RNAs. An additional translate— in this abortive cycle— a sufficient number of 

area of great interest concerns the development of the genes to induce an immune response. Alternatively, larger 

influenza virus system as a vaccine vector. quantities of the strains could be administered, so that these 

50 preparations serve as inactivated (killed) virus vaccines. For 
5.4. Vaccine Formulations Using the Chimeric inactivated vaccines, it is preferred that the heterologous 
Viruses gene product be expressed as a viral component, so that the 
Virtually any heterologous gene sequence may be con- gene product is associated with the virion. The advantage of 
structed into the chimeric viruses of the invention for use in such preparations is that they contain native proteins and do 
vaccines. Preferably, epitopes that induce a protective 55 not undergo inactivation by treatment with formalin or other 
immune response to any of a variety of pathogens, or agents used in the manufacturing of killed virus vaccines, 
antigens that bind neutralizing antibodies may be expressed In another embodiment of this aspect of the invention, 
by or as part of the chimeric viruses. For example, heter- inactivated vaccine formulations may be prepared using 
ologous gene sequences that can be constructed into the conventional techniques to "kill" the chimeric viruses. Inac- 
chimeric viruses of the invention for use in vaccines include 60 tivated vaccines are "dead" in the sense that their infectivity 
but are not limited to epitopes of human immunodeficiency has been destroyed. Ideally, the infectivity of the virus is 
virus (HIV) such as gpl20; hepatitis B virus surface antigen destroyed without affecting its immunogenicity. In order to 
(HBsAg); the glycoproteins of herpes virus (e.g., gD, gE); prepare inactivated vaccines, the chimeric virus may be 
VP1 of poliovirus; antigenic determinants of non-viral grown in cell culture or in the allantois of the chick embryo, 
pathogens such as bacteria and parasites, to name but a few. 65 purified by zonal ultracentrifugation, inactivated by formal- 
in another embodiment, all or portions of immunoglobulin dehyde or p-propiolactone, and pooled. The resulting vac- 
genes may be expressed. For example, variable regions of cine is usually inoculated intramuscularly. 
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Inactivated viruses may be formulated with a suitable 
adjuvant in order to enhance the immunological response. 
Such adjuvants may include but are not limited to mineral 
gels, e.g., aluminum hydroxide; surface active substances 
such as lysolecithin, pluronic polyols, poly anions; peptides; 
oil emulsions; and potentially useful human adjuvants such 
as BCG and Corynebacterium parvum. 

Many methods may be used to introduce the vaccine 
formulations described above. These include but are not 
limited to oral, intradermal, intramuscular, intraperitoneal, 
intravenous, subcutaneous, and intranasal routes. It may be 
preferable to introduce the chimeric virus vaccine formula- 
tion via the natural route of infection of the pathogen for 
which the vaccine is designed. Where a live chimeric virus 
vaccine preparation is used, it may be preferable to introduce 
the formulation via the natural route of infection for influ- 
enza virus. The ability of influenza virus to induce a vigor- 
ous secretory and cellular immune response can be used 
advantageously. For example, infection of the respiratory 
tract by chimeric influenza viruses may induce a strong 
secretory immune response, for example in the urogenital 
system, with concomitant protection against a particular 
disease causing agent. 

6. EXAMPLE: PROMOTER ANALYSIS OF THE 
INFLUENZA VIRAL RNA POLYMERASE 

In the examples described below, polymerase which is 
depleted of genomic RNA was prepared from the upper 
fractions of the CsCl-glycerol gradient centrifugation. This 
polymerase is able to copy short model templates which are 
derived from transcription of appropriate plasmic DNA with 
bacteriophage T7 RNA polymerase in a sequence -specific 
manner. The termini of this model RNA are identical to the 
3' 15 and 5' 22 nucleotides conserved in segment 8 from all 
influenza A viral RNAs. By manipulating the plasmid in 
order to prepare different RNAs to serve as template, we 
demonstrated that recognition of and synthesis from this 
model RNA was specific for the promoter at the 3' terminal 
sequence and did not require the panhandle. In addition, site 
specific mutagenesis identified nucleotide positions respon- 
sible for the viral polymerase favoring synthesis from 
genomic sense templates over complementary sense RNA. 
Conditions were also found in which cap-endonuclease 
primed RNA synthesis could be observed using model 
RNAs. In addition, the reconstituted system permitted virus- 
specific synthesis from genomic length RNAs, derived 
either from plasmids or from RNA purified from virus 
through phenol extraction. 

6.1. Materials and Methods 

6.1.1. Purification of the Viral RNA Polymerase 
RNP cores were prepared from whole virus using standard 
methods (Plotch, et al., 1981, Cell 23: 847-858; 
Rochavansky, 1976, Virology 73: 327-338). Two to three 
milligrams of virus were disrupted by incubating in 1.5% 
Triton N-101, 10 mg/ml lysolecithin, 100 mM tris-HCl, pH 
8.0, 100 mM KC1, 5 mM MgCl 2 , 5% glycerol and 1.5 mM 
dithiothreitol. The sample was fractionated by centrifugation 
on a 30-70% glycerol (w/v) step gradient in the presence of 
50 mM tris-HCl, pH 7.8 and 150 mM NaCl. The core 
preparation was centrifuged at 45,000 rpm in an SW50.1 
rotor for 4 hours at 4° C. Fractions enriched in RNP were 
identified by SDS-polyacrylamide gel electrophoresis of 
protein samples from each fraction and staining with silver. 
The core fractions were then subjected to a second gradient 
centrifugation as was described in Honda et al. 1988, J. 
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Biochem. 104: 1021-1026. This second gradient had steps 
of 0.5 ml 3.0M CsCl and 45% (w/v) glycerol, 1.75 ml 2.5 M 
CsCl and 40% glycerol, 1.25 ml 2.0M CsCl and 35% 
glycerol, and 1.0 ml of 1.5 M CsCl and 30% glycerol All 

5 steps were buffered with 50 mM tris-HCl, pH 7.6 and 100 
mM NaCl. 0.5 ml of RNP cores were layered on top and the 
sample was centrifuged at 45,000 rpm in an SW50.1 rotor 
for 25 hours at 4° C. Polymerase fractions were again 
identified by SDS-polyacrylamide electrophoresis of the 
protein samples and silver staining. Active polymerase frac- 
tions were generally found in the region of the gradient 
correlating with 1.5 to 2.0 M CsCl. These fractions were 
pooled and then dialyzed against 50 mM tri-HCl, pH 7.6, 
100 mM NaCl and 10 mM MgCl 2 , and concentrated in 
centricon-10 tubes (Amicon) or fractions were dialyzed in 

15 bags against 50 mM tris-HCl, pH 7.6, 100 mM NaCl, 10 mM 
MgCl 2 , 2 mM dithiothreitol, and 50% glycerol. 
6.1.2. Preparation of Plasmid 

The plasmid design is indicated in FIG. 2. Insert DNA for 
20 the pV-wt plasmid was prepared using an Applied Biosys- 
tems DNA synthesizer. The "top" strand was 

5 GAAGCTT AAT ACGACTC ACT AT AAGTAGAAAC AAGGGT G 

TTTTTTCATATCATTTAAACTTCACCCTGCTTTTGCTGAA 

TTCATTCTTCTGCAGG-3'. 

25 

The "bottom" strand was synthesized by primer-extension 
with 

5 ( - CCTGC AG AAGAATG A- 3' 

30 

as primer. The 95 bp DNA was digested with Hindi II and 
PstI and purified by extraction with phenol/chloroform, 
ethanol precipitation, and passage over a NACS -prepack ion 
Exchange column (Bethesda Research Laboratories). This 

35 DNA was ligated into pUC-19 which had been digested with 
Hindlll and PstI and then used to transform E. coli strain 
DH5-a which had been made competent using standard 
protocols. Bacteria were spread on agar plates containing 
X-gal and IPTG, and blue colonies were found to have the 

40 plasmid containing the predicted insert since the small insert 
conserved the lacZ reading frame and did not contain a 
termination codon. The pM-wt plasmid was prepared by a 
similar strategy except that both strands were chemically 
synthesized with the upper strand having the sequence 

45 

5'- GAAGCTT AAT ACGACTC ACT AT AAGCAAAAGCAGGGTGA 
AGTTTAAATGATAT — GAAAAAACACCCTTGTTTCTACTG 
AATTCATTCTTCTGCAGG-3'. 

50 The pV-d5' plasmid (FIG. 2) was prepared using the 
oligonucleotides 

5'- AGCTT AAT AC G ACT C ACT AT AAG AT CT ATT AAACT — T 
CACCCTGCTTTTGCTGAATTCATTCTTCTGA-3' and 

55 5'- GAAGAATGAAT — TCAGCAAAAGCAGGGTGAAGTTTAA 
TAGATCTTATAGTGAGTCGTATTA-3'. 

The DNAs were annealed and ligated into the HindlH/Pstl 
digested pUC-19 and white colonies were found to contain 

60 the correct plasmid because this insert resulted in a frame - 
shift in the lacZ gene. The point mutants were isolated 
following digestion of pV-d5' with Bglll and PstI and 
ligation of the linearized plasmid with a single stranded 
oligonucleotide of mixed composition. Since Bglll laves a 5' 

65 extension and PstI a 3' extension, a single oligonucleotide 
was all that was necessary for ligation of insert. The host cell 
was then able to repair gaps caused by the lack of a 
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complementary oligonucleotide. Oligonucleotides were 
designed to repair the frameshift in the lacZ gene so that 
bacteria which contained mutant plasmids were selected by 
their blue color. 

Plasmid pHgaNS, which was used to prepare an RNA 5 
identical to segment 8 of A/WSN/33, was prepared using the 
primers 



5 - CCGAATTCTTAATACGACTCACTATAAGTAGAAACAAGG 
GTG-3' and 

5*- C CT CT AG AC GCT CG AG AGC AAAAGC AGGTG- 3 ' 
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in a polymerase chain reaction off of a cDNA clone. The 
product was then cloned into the Xbal/EcoRI window of is 
pUC19. 

6.1.3. Preparation of RNA Templates 

Plasmid DNAs were digested with MboII or other appro- 
priate endonucleases (see FIG. 2), and the linearized DNA 
was transcribed using the bacteriophage 17 RNA poly- 20 
merase. Run-off RNA transcripts were treated with RNAse- 
free DNAse 1 and then the RNA was purified from the 
proteins and free nucleotides using Qiagen tip-5 ion 
exchange columns (Qiagen, Inc.). Following precipitation in 
ethanol, purified RNAs were resuspended in water and a 25 
sample was analyzed by electrophoresis and followed by 
silver staining of the polyacrylamide gel in order to quantify 
the yield of RNA. 

6.1.4. Influenza Viral Polymerase Reactions 

In a 25 ju\ total volume, about 30 fig of nucleoprotein and 30 
200 pg total of the three polymerase proteins were mixed 
with 10 ng of template RNA and the solution was made up 
to a final concentration of: 50 mM Hepes pH 7.9, 50 mM 
NaCl, 5 mM MgCl 2 , 1 mM dithiothreitol, 0.05% NP-40, 0.4 
mM adenylyl-(3'-5 , )-guanosyl (ApG) dinucleotide 35 
(Pharmacia), 0.5 mM ATP, 0.5 mM GTP, 0.5 mM CTP and 
approximately 0.6 piM a- 32 P-UTP (40 fxCx at 3000 
Ci/mmole, New England Nuclear). Reactions were 
assembled on ice and then transferred to a 30° C. water bath 
for 90 minutes. Reactions were terminated by the addition of 40 
0.18 ml ice-cold 0.3M sodium acetate/10 mM EDTA and 
were then extracted with phenol/chloroform (1:1 volume 
ratio). Following the first extraction, 15 fig polyl-polyC 
RNA was added as carrier, and the sample was extracted 
again with phenol/ chloroform. The samples were then 45 
extracted with ether and precipitated in ethanol. Following 
centrifugation, the RNA pellet was washed twice with 70% 
ethanol and then dried under vacuum. 

In reactions using the high concentration polymerase, 
conditions were identical as above except that 20 ng of 50 
template RNA were added. In reactions using genomic 
length RNAs, the amount of polymerase used was doubled, 
50 ng of template RNA was used, and the UTP concentration 
was raised to 2.6 fM. 

The RNA was resuspended in a dye mix containing 78% 55 
formamide, 10 mM EDTA, 0.1% xylene cyanol and 0.05% 
bromophenol blue. Typically, a sample from this RNA was 
electrophoresed on an 8% polyacrylamide gel in the absence 
of urea, and the remainder was denatured by heating to 100° 
C. for 1.5 minutes and an aliquot was loaded on an 8% 60 
polyacrylamide gel containing 7.7M urea. Gels were fixed 
by a two step procedure, first in 10% acetic acid, and then 
in 25% methanol/8% acetic acid. Gels were dried onto filter 
paper and then exposed to x-ray film. 

When different RNAs were being tested for use as 65 
template, the different RNA preparations were always ana- 
lyzed on polyacrylamide gels and stained with silver in order 



that equal amounts of each template were used. To quantitate 
the amount of product, gels were exposed to x-ray film in the 
absence of an intensifying screen in order to improve the 
linearity of the densitometer readings. Autoradiographs were 
analyzed using a FB910 scanning densitometer (Fisher 
Biotech) and peaks were evaluated using computer software 
from Fisher Biotech. 

6.1.5. Nuclease Analysis of Reaction Products 
For ribonuclease Tl analysis of the two principle RNA 
products, reaction products were analyzed by 8% polyacry- 
lamide gel electrophoresis (without urea) and the gel was not 
treated with fixative. The wet gel was exposed to an x-ray 
film and the appropriate gel pieces were located and excised. 
The gel piece was crushed in 0.3 ml containing 10 mM tris 
pH 7.5, 1 mM EDTA, 0.1% sodium dodecyl sulfate, and 1 
fig tRNA as carrier. The RNA diffused into this solution for 
3 hours and then the gel was pelleted and the supernatant 
was made 0.3M in sodium acetate. The supernatant was then 
extracted twice in phenol/chloroform and once in ether and 
then precipitated in ethanol. The RNA pellet was resus- 
pended in 5 fi\ formamide, denatured in boiling water for 1.5 
minutes and then diluted by the addition of 0.1 ml 10 mM 
tris-HCl, pH 7.5, and 1 mM EDTA. Ribonuclease Tl (50 
units, Boehringer Mannheim Biochemicals) was added and 
the samples were incubated for 60 minutes at 37° C. V-wt 
and M-wt RNAs synthesized with T7 RNA polymerase in 
the presence of a- 32 P- UTP were similarly digested with 
RNAse Tl. Reaction products were extracted in phenol/ 
chloroform and precipitated in ethanol and then were ana- 
lyzed on 20% polyacrylamide gels containing 7.7M urea. 

Nuclease SI analysis of reaction products was done on 
transcribed RNA by first terminating the standard poly- 
merase reaction through the addition of SI buffer to a volume 
of 0.2 ml with 0.26M NaCl, 0.05M sodium acetate, pH 4.6, 
and 4.5 mM zinc sulfate. The sample was divided into two 
0.1 ml volumes and 100 units of SI nuclease (Sigma 
Chemical Company) were added to one tube. The samples 
were incubated for 60 minutes at 37° C. Following the 
incubation, EDTA (10 mM final concentration) and 15 fig 
polyl-polyC RNA was added and the sample was extracted 
with phenol/chloroform and precipitated in ethanol. The 
samples were then subjected to polyacrylamide gel electro- 
phoresis. 

6.2. Results 

6.2. 1. Preparation of Influenza Viral RNA Polymerase 
and of Template RNA 

RNP cores of influenza virus A/Puerto Rico/8/34 were 
prepared by disruption of virus in lysolecithin and Triton 
N-101 followed by glycerol gradient centrifugation 
(Rochavansky, 1976, Virology 73: 327-338). Fractions con- 
taining cores were then subjected to a second centrifugation 
in a CsCl-glycerol step gradient (Honda, et al., 1988, J. 
Biochem. 104: 1021-1026). Fractions containing the poly- 
merase were identified by gel electrophoresis of samples 
followed by silver-staining. FIG. 1 shows the polymerase 
preparation after CsCl centrifugation. Bovine serum albu- 
min (BSA) was added during dialysis to protect against 
protein loss. Densitometric scanning of lane 4 compared to 
known quantities of whole virus in lanes 1 and 2 allowed us 
to estimate that the proteins in lane 4 consist of 150 ng of NP 
and about 1 ng total of the three polymerase proteins. One 
fifth of the preparation used for this gel was used per 
reaction. 

The overall design of the plasmids used to prepare tem- 
plate RNAs in this study is depicted in FIG. 2. The entire 
insert was prepared using oligonucleotides from a DNA 
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synthesizer which were then cloned into the polylinker of templates, was also digested with RNase Tl. Its pattern was 

pUC19. The insert contained a truncated promoter sequence similar to that of the full length RNA product (FIG. 3C, lane 

recognized by the bacteriophage T7 RNA polymerase 2) except the 14 base oligonucleotide was not present. 

(Studier and Dunn, 1983, Cold Spring Harbor Symposia on Instead, a faint 13 base oligonucleotide was seen, thus 

Quantitative Biology, XLVII, 999-1007) so that the first 5 mapping the termination of the short RNA to position 44, a 

nucleotides synthesized were the terminal 22 nucleotides site where two uridines would be iDCOrporat ed. Since the 

a l ^t COn l erVe i Se ^ 6nCe u 5 ' end of the S e ° ome amount of smaller RNA product decreased at higher UTP 

, 1 n) h P H Sm , 0111 T ™TT v U ' concentrations and disappeared when CTP was used as 

clease MboII (which cuts 7 bases upstream of its recognition i„ K ^, iUar . a u a* j . i_ ^ c . c i 

\ *u oma u* u i* a c t-7 n xt a 1 labeI > tnese bands appeared to be an artifact of low UTP 

site), the RNA which resulted from T7 RNA polymerase ♦ • *u i 

, . ij *»i»*t» • i i c iL 10 concentrations in the polymerase reaction, 

transcription ended with the terminal 3' nucleotides of the r J 

influenza viral sequence. Included in the sequence was the __ 6 - 2 ' 1 3 DX 7° Ddltl0n 1 s for lhe Pol y merase Reactions Using 

poly-U stretch adjacent to the 5'end of the conserved termi- Model RNA Tem P lates 

nus which is thought to comprise at least part of the was found that protein samples containing about 30 ng 

termination-polyadenylation signal (Robertson, et al., 1981, of NP protein and about 200 pg total of the three P proteins 

J. Virol. 38, 157-163). The total length of this model would react optimally with 5 to 10 ng of RNA. By using cold 

genomic RNA was 53 nt since a 16 nt spacer separated the competitor RNA, polyl-polyC, it was found that excess 

terminal conserved sequences. The model RNA which con- RNA nonspecifically inhibited transcription, possibly via 

tained both termini identical to those of vRNA was named non-specific binding of the NP protein (Kingsbury, et al, 

V-wt. The RNA M-wt encoded the exact complementary 2Q 1987, Virology 156: 396-^03; Scholtissek and Becht, 1971, 

strand of V-wt so that the termini match those of comple- J * GeQ - Virol 11-16). In the absence of nonspecific 

mentary RNA (cRNA). V-wt and M-wt were constructed to competitor, variations in the amount of template between 1 

serve as models for influenza virus-specific vRNA and aD d 10 ng produced little change in the efficiency of RNA 

cRNA, respectively. synthesis. The NP protein and RNA were present at about 

6.2.2. Viral Polymerase Catalyzes Synthesis of a Full 25 ec l ual molar concentrations and these were each about a 

Length Copy of the Template thousand-fold in excess of the moles of the complex 

In the reaction using the influenza viral polymerase, V-wt (assuming it to be 1:1:1) formed by the three P proteins in 

template and ApG primer, a product was obtained which the |yP lcal reaction. 

comigrated with a 53 nt RNA on denaturing gels. RNA since tnese reconstituted RNPs were able to use ApG but 

migrating as a doublet at a position of about 40 to 45 30 not globinmRNAas primer, we tested these model RNPs for 

nucleotides (FIG. 3A, lane 2) was also seen. This shorter other variables of the transcription reaction. In all other ways 

product is shown below to be RNA which had terminated at tested, the reconstituted RNPs behaved in solution similarly 

a stretch of adenosines present between nucleotides 43-48 in to tnose RNPs purified from detergent disrupted virus. The 

the virion sense template. In addition to the template specific optimum temperature for RNA synthesis was 30° C. (FIG. 

transcripts, a general background of light bands could be 35 4A, lane 2) as has been repeatedly found for the viral 

seen which correspond to truncated RNA products tran- polymerase (Bishop, et al., 1971, J. Virol. 8: 66-73; 

scribed from viral genomic RNA not removed during the Takeuchi, et al., 1987, J. Biochem 101: 837-845; Ulmanen, 

CsCl-glycerol centrifugation step. When no primer is used, et al., 1983, J. Virol. 45: 27-35). Also, the most active salt 

there was no specific transcription product seen (FIG. 3A, conditions were 60 mM NaCl (FIG. 4B, lane 2), again 

lane 3). Additional experiments showed globin mRNA, 40 consistent with conditions used by several groups (Bishop, 

containing a terminal cap 1 structure, was inactive as primer et a U 1971, J. Virol. 8: 66-73; Honda, et al., 1988, J. 

using initial preparations of polymerase. Biochem. 104: 1021-1026; Shapiro, and Krug, 1988, J. 

When the polymerase reaction was terminated by the viro1 - 62: 2285-2290). FIG. 4C shows a time-course experi- 

addition of excess buffer favorable for nuclease SI digestion ment * ^ amount of RNA synthesis appeared to increase 

and nuclease was added, the radioactively-labeled product 45 roughly linearly for the first 90 minutes, as was found for 

was resistent to digestion (FIG. 3B, lane 2). By contrast viral RNPs (Takeguchi, et al., 1987, J. Biochem. 101: 

these conditions very efficiently digested the V-wt single- 837-845). 

stranded RNAradioactively synthesized with T7 RNA poly- 6.2.4. Specificity of the Elongation Reaction 

merase (FIG. 3B, lanes 3 and 4). These nuclease SI data Various RNAs were tested for suitability as templates for 

confirmed that the opposite strand was indeed being syn- 50 the RNA polymerase of influenza virus. The p V-wt pi asmid 

thesized in these reactions. The product of the reaction might clone was digested with either EcoRI, PstI or Smal, and T7 

be a double stranded RNA, but it could not be ruled out that polymerase was used to transcribe RNA. This resulted in 

the product was in fact single stranded and later annealed to RNAs identical to V-wt except for the addition of 5, 13 and 

the template RNA in the presence of high salt used in the 38 nt at the 3' end. In FIG. 5A an overexposure of an 

nuclease reaction. 55 autoradiograph is shown in order to demonstrate that no 

The RNA products were purified by electrophoresis on an transcripts over background were observed in reactions 

8% gel, excised, eluted from the gel, and then digested by which contained as template: two of the RNAs identical to 

ribonuclease Tl. Products were analyzed by electrophoresis V-wt except they contained 13 and 38 nt of extra sequence 

and compared to the patterns generated by RNase Tl diges- on the 3' terminus (lanes 1 and 2); a single stranded DNA of 

tion of internally labeled M-wt and V-wt control probes. As 60 identical sequence to that of V-wt (lane 4); and an unrelated 

can be seen in FIG. 3C, the full length RNA (lane 1) has the 80 nt RNA generated by transcribing the polylinker of 

identical pattern as does the plus sense RNA, M-wt (lane 3), pIBI-31 with T3 RNA polymerase (lane 5). However, the 

and it does not have the pattern of the V-wt RNA (lane 4). V-Eco template, containing five extra nucleotides on the 3' 

The observed patterns were essentially identical to that end, could be recognized and faithfully transcribed, although 

which is predicted from the sequence of the RNA and thus 65 at approximately one -third the efficiency of the wild type 

showed that the polymerase faithfully copied the V-wt V-wt RNA (FIG. 5B, lane 3). It is interesting to note that 

template. The smaller RNA product, a doublet with most initiation on the V-Eco RNA by the influenza viral poly- 
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merase appeared to occur at the correct base since the 
transcribed RNA was the same size as the product from the 
V-wt template. 

6.2.5. Analysis of the Promoter Region for the Viral RNA 
Polymerase 5 

The original construct used for these studies contained the 
sequences of both RNA termini of genomic RNAs which 
could base pair and thus form a panhandle. This was done 
since it was shown that the vRNA in virions and in RNPs in 
infected cells was in circular conformation via the 15 to 16 jq 
nt long panhandle (Honda, et al., 1988, J. Biochem. 104: 
1021-1026; Hsu, et al., 1987, Proc. Natl. Acad. Sci. USA84: 
8140-8144). It was further shown that the viral polymerase 
was bound to the double stranded structure (Honda, et al., 
1988, J. Biochem. 104: 1021-1026), thus leading to the 15 
suggestion that the promoter for RNA synthesis was the 
panhandle. In order to test whether the panhandle was an 
absolute requirement for recognition, the following tem- 
plates were used: the plasmid pV-wt was digested with Dral 
prior to transcription by the 17 polymerase (FIG. 2). This 2 o 
should result in an RNA molecule of 32 nt containing only 
virus-specific sequences from the 5' end of the RNA. When 
this RNA was used as template, no apparent product was 
produced (FIG. 5B, lane 2). Therefore the 3' terminus of 
virion RNA was required for this reaction. This finding was 2 s 
consistent with the fact that the initiation site at the 3' end of 
V-wt was not present in V-Dra. A second plasmid clone was 
produced which deleted the 5' terminal sequences but kept 
intact the 3' terminus. This clone, pV-d5', when digested 
with MboII and used for transcription by T7 polymerase 30 
produced a major transcript of 30 nt and minor species of 29 
and 31 nt. Surprisingly, this template was recognized and 
copied by the influenza viral polymerase. FIG. 7, lane 1, 
shows that the product of the viral RNA polymerase reaction 
with V-d5' contains multiple bands reflecting the input RNA. 35 
When the products shown in FIG. 7, lane 1, were eluted from 
gels and subjected to RNase Tl analysis, the pattern 
expected of the transcription product of V-d5' was observed. 
Since the V-d5' RNA template was copied, the panhandle 
was not required for viral polymerase binding and synthesis. 40 

Although the 5' terminus was not required for synthesis by 
the polymerase, a distinct possibility was that V-wt RNA 
might be a preferred template as compared to V-d5\ In order 
to examine this, reactions were done in which the templates 
were mixed. The V-wt RNA was present at 5 ng in each 45 
reaction. The V-d5' was absent (FIG. 6, lane 1) or was 
present at a 1/5 molar ratio (FIG. 6, lane 2) or a 1/1 molar 
ratio (FIG. 6, lane 3). The relative intensities of the bands 
from each RNA were determined by densitometry of the 
autoradiograph. The values were corrected for the amount of 50 
the radioactive nucleotide, UTP, which could be incorpo- 
rated into each product, and the value was normalized so that 
the level of synthesis in each lane was set equal to one. The 
level of copying of V-wt decreased as V-d5' was increased. 
When V-d5' was present in one fifth molar ratio, its corrected 55 
level of synthesis was about one fourth of that from V-wt 
(FIG. 6, lane 2). When the two templates were present in 
equimolar amounts, the level of synthesis from V-wt was 
about 60% of the total (FIG. 6, lane 3) which might be within 
the expected range of experimental error for equivalent eo 
levels of synthesis. Similar results were obtained when V-d5' 
RNA was kept constant and the V-wt RNA was varied. It was 
thus concluded that the panhandle-containing V-wt RNA 
was not greatly favored over the template RNA which only 
contained the proper 3' terminus. 65 

6.2.6. The Viral Polymerase Does Not Copy RNA Tem- 
plates Containing Plus-Sense Termini 
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As described earlier, the influenza RNA polymerase per- 
forms three distinct activities during the course of an infec- 
tion. Two activities involve the transcription of genome 
sense RNA and the third involves copying of the comple- 
mentary sense RNA into vRNA. We therefore constructed an 
RNA template which contained the 5' and 3' termini of the 
complementary sense RNA of segment 8 (M-wt; FIG. 2). 

When the M-wt RNA was used as template, little synthe- 
sis was observed (FIG. 5B, lane 4). In two experiments used 
for quantitation, the average level of synthesis from M-wt 
RNA was 4% that of V-wt. In comparing the V-wt and M-wt 
RNA promoters, the M-wt has only three transition changes 
and one point insertion within the 3' 15 nucleotides. These 
include a G to A change at position 3, a U to C change at 
position 5, a C to U change at position 8 and an inserted U 
between the ninth and tenth nucleotides (see Table II, 
below). In order to determine which of the four point 
differences in the 3' termini were responsible for the 
specificity, many combinations of these were prepared and 
assayed for efficiency as a template (FIG. 7). These tem- 
plates were derivatives of V-d5' since they did not contain 
the 5' terminus. The results of densitometry scans of several 
experiments are outlined in Table II. 

TABLE II 



QUANTITATIVE COMPARISON OF THE EFFECT OF 
POINT MUTATIONS IN THE PROMOTER SEQUENCE* 



Level of RNA 



Template 


3' sequence 


Synthesis 


V-d5' 


CACCCUGCUUUUGCU-OH 


1 


V-A3 


CACCCUGCUUUUACU-OH 


0.4 


V-C5 


CACCCUGCUUCUGCU-OH 


1.0 


V-dU^Ua 


CACCCUGUUUUUGCU-OH 


1.0 


V-U B A 3 


CACCCUGUUUUUACU-OH 


0.08 


V-U e C 5 


CACCCUGUUUCUGCU-OH 


0.3 


V-iU 10 


CACCCUUGCUUUUGCU-OH 


0.7 


V-iU 10 A 3 


CACCCUUGCUUUUACU-OH 


0.06 


V-iU l0 U8A 3 


CACCCUUGUUUUUACU-OH 


0.2 


V-iU 10 U 8 C 5 A 3 


CACCCUUGUUUCUACU-OH 


0.2 



♦Sequences of V-wt, M-wt and V-d5' are shown in FIG. 2. All other RNAs 
are identical to V-d5' except for the indicated positions. The subscripted 
number indicates the distance from the 3' end of a change, and d and i refer 
to deleted or inserted nucleotides. 



As shown in Table II, single point changes in V-d5 f were 
equally well copied as compared to V-d5' itself, except for 
the V-A 3 RNA which was copied at 40% efficiency (FIG. 7, 
lane 10; Table II). When RNAs with two changes were 
tested, the activity generally dropped to very low levels 
(FIG. 7, lanes 3, 4, and 5). Therefore, these experiments 
confirmed that the specificity of the reactions for V-wt over 
M-wt was the result of the combination of the nucleotide 
changes present at the 3' terminus of M-wt. 
6.2.7. Cap-Endonuclease Primed RNA Synthesis 
The method of purifying the viral polymerase was modi- 
fied in order to decrease loss of protein during dialysis. 
Rather than using the Amicon centricon-10 dialysis system, 
the enzyme was dialyzed in standard membranes resulting in 
higher concentrations of all four viral core proteins. The 
pattern of the protein gel of this preparation was identical to 
that shown in FIG. 1, lane 4, except that there is no 
BSA-derived band. It was found that 5 [A of this preparation, 
containing 150 ng of NP and 5 ng total of the three 
polymerase proteins, reacted optimally with 10 to 40 ng of 
model RNA template. However, the use of higher levels of 
protein increased the background, possibly due to higher 
levels of contaminating RNAs (virion RNAs not removed by 
CsCl centrifugation) yielding products of the size class 
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around 50-75 nt, complicating analysis of RNA templates concentration polymerase (FIG. 9, lane 8). That the RNA 

containing a length of 50 nt. was in fact a copy of the template was demonstrated by its 

This high concentration polymerase preparation was now resistance to nuclease SI (FIG. 9, lane 9). A similar product 

active in cap-endonuclease primed RNA synthesis (FIG. 8A, was observed in the absence of primer (FIG. 9, lanes 2 and 

lane 4) and also in primer-independent replication of the 5 3). Confirmation that these product RNAs were full length 

template RNA (FIG. 8A, lane 2). When globin mRNA was copies of the template was done by RNase Tl analysis, 

used as primer for transcription from the 30 nt V-d5' Virion RNA purified from phenol-extracted A/PR/8/34 virus 

template, a triplet of bands of size about 42 to 44 nt was was similarly copied in ApG primed reaction (FIG. 9, lanes 

apparent as product (FIG. 8A, lane 4), consistent with 10 and 11) and in the absence of primer (FIG. 9, lanes 4 and 

cleavage of the cap structure at about 12 nt from the 5' end i° 5). Interestingly, the product from replication of the HA gene 

of the mRNA and use of this oligonucleotide to initiate was at greatly reduced levels. The 3' end of this RNA differs 

synthesis from the 30 nt model template. Since excess RNA fr° m tnat of segment 8 only at nucleotides 14 and 15, 

inhibits RNA synthesis, probably via nonspecific binding of suggesting importance for these nucleotides in the promoter 

NP in vitro as discussed above, the optimal amount of cap for RNA synthesis. In addition, we found that when whole 

donor RNA added to each reaction was found to be 100 ng, 15 viral RNA was used in the reconstituted RNPs, the level of 

which is much lower than is usually used with preformed acid precipitable counts was about 70% of that observed 

RNP structures (e.g., Bouloy, et al., 1980, Proc. Natl. Acad. witn native RNPs. The viral polymerase was also able to 

Sci. USA 77: 3952-3956). The most effective primer was C0 P V tne se full length RNAs when globin mRNA was used 

ApG (FIG. 8A, lane 5 and fighter exposure in lane 6). The in cap-primed reaction, 

product migrates slower than that of the input template (FIG. 20 „ „„ „ „ _ 

8A, lane 1) or the product in the absence of primer (FIG. 8A, 7 - EXAMPLE: EXPRESSION AND PACKAGING 

lane 2) probably since the 5' terminus of the ApG product is 0F A FOREIGN GENE BY RECOMBINANT 

unphosphorylated. The intensity of the ApG-primed product INFLUENZA VIRUS 

was about ten-fold higher than that of the cap-primed The expression of the chloramphenicol transferase gene 

product, but at 0.4 mM, ApG was at a 60,000-fold molar 25 ( CA j^ using fRNPs fe described . rRNPs were prepared 

excess of the concentration of the cap donors. Thus, us i ng pIVACAT (originally referred to as pCATcNS), a 

although the intensity of the product band from cap-priming recombinant plasmid containing the CAT gene. The pIVA- 

was about ten-fold lower than that from ApG priming, the CAT plasmid is a pUC19 plasmid containing in sequence: 

cap-primed reaction was about 6000-fold more efficient on the T7-promoter; the 5'-(viral-sense) noncoding flanking 

a molar basis. This value is similar to the approximately 3 ° sequence of the influenza A/PR8/34 RNA segment 8 

4000-fold excess efficiency observed previously for the viral (encodes the NS proteins); a BgH cloning site; the complete 

polymerase (Bouloy, et al., 1980, Proc. Natl. Acad. Sci. USA coding sequence of the chloramphenicol transferase (CAT) 

77: 3952-3956). It has been previously shown that cap gen e in the reversed and complemented order; the 3'- 

donor RNAs containing a cap 0 structure, as in BM V RNA, (viral-sense) noncoding NS RNA sequence; 

are about ten-fold less active in priming the influenza viral 35 ^ restdction sites aUowin transcri tion 

S^^oS^ ' * ' « , C1 ' A of the tem P late ' ™ e P IVACAr can be transcribed using T7 

77: 3952^3956) unusual cap specificity was shared by polymerase t0 create an RNA with influenza A viral _ * nse 

the reconstituted RNPs studied here as the specific product n „, •„ „„„„„ ,„ om i „ ■ . • , 

. ., . , _.. . , v , . r . Hanking sequences around a CAr gene in reversed onenta- 

from the model RNA was greatly decreased in reactions t j on 

containing BMV RNA as cap donor. A 30 nt product was 40 ™ . . 

observed in lanes 2-4, probably due to primerless replica- u J** U1 . 1 V,V J ° «P«u«nts deSC " b r e A d m , the , subsecUons 

tion of the model template. below ulll,zed the KCOmbl ^l RNA molecule described 

„ ... , ..... containing sequences corresponding to the untranslated 3' 

That the product RNAs were of the opposite sense of the and 5 , terminal ^ wnces of the NS RNA of influenza virus 

7tr «m P ™ a WaS S S T T l\s IT 45 A/PR/8/34 flanking the antisense-oriented open reading 

(FIG. 8B). The ApG-primed (FIG. 8B lanes 1 and 2) and the frame of the CAT » ^ ^ RNA was mixed ^ ^ 

pnmerless (FIG. 8B, lanes 3 and 4) RNA products were influenza virus j erase „ lex and transfect H ed int0 

essentially nuclea^se resistent. The product of he cap-pnmed MDCK (or 293) cells. Following infection with influenza 

reaction (FIG. 8B, lanes 5 and 6) was partially sensitive to ^SKM virus, CAT activity was measured in the RNP- 

nuclease as about 12 nt were digested from the product transfected cells and amplification of the gene was indicated. 

These results were most consistent with the 5' 12 nt being of ,„ addition> , he recombinant ^,3^^ virus was ack . 

mRNA origin as has been shown many times for influenza d in(0 vifus ^ since CAJ ^ was demQn . 

virus- specfic mRNA synthesis. strated in ^ following infcction wit „ the recombinant 

The promoter specificity of this polymerase preparation in virus preparation, 
reactions primed with ApG was found to be essentially 55 

identical to those for the lower concentration enzyme as 7.1. Materials and Methods 

shown earlier. However, attempts thus far to perform similar ¥ A t t tU a , . f . KTf , nMA 

, c -a • j In order to get the flanking sequences of the NS RNA 

analyses 01 promoter specificity with the pnmerless and fi A , iU J. f, L ^at *u c n 

. , r • . J c A « « . fused to the coding sequence of the CAT gene, the following 

cap-primed reactions have been frustrated by the compart- strat was ^ T ^ 0 suitable s ^ 

Scult background, thus making quantitation 6Q wefe ^ {Q me ^ and stQp codon of ^ CAT 

gene, that would allow the replacement of the sequences 

6.2.8. Replication of Genomic Length RNA Templates flanking the CAT gene in the pCM7 plasmid with the 3'- and 

A full-length 890 nt RNA identical to the sequence of 5'- NS RNA sequences. At the 5' end, a SfaNI site was 

A/WSN/33 segment 8 was prepared by T7 RNA polynierase chosen (which generates a cut 57 nt from the ATG), and at 

transcription of plasmid DNA, pHgaNS, which had been 65 the 3 - end a Seal site which generates a cut 28 nt from the 

digested with restriction endonuclease Hgal. This RNA was end of the gene (stop codon included). Next, four synthetic 

copied in ApG-primed reactions containing 10 of the high oligonucleotides were made using an Applied Biosystems 



5,840,520 



35 



36 



DNA synthesizer, to generate two double-stranded DNA 
fragments with correct overhangs for cloning. Around the 
start codon these oligonucleotides formed a piece of DNA 
containing a Xbal overhand followed by a Hal site and a PstI 
site, the 3'- (viral-sense) NS sequence immediately followed 
by the CAT sequence from start codon up to the SfaNI 
overhang (underscored). In addition a silent mutation was 
incorporated to generate an Acci site closer to the start codon 
to permit future modifications. 



Xba I 

Hga I Pst I Acc 
5'-ctagacgccctgcagcaaaagcagggtgacaaagacata atggagaaaaaaatcac 
3 'tgcgggacgtcgttttcgtcccactgtttctgtattacctcttt ttttagtg 
I SfaNI 

oligo2 
oligol 



tgggtataccaccgttgatatatcccaatcgcatcgtaaa- 3' 
acccata tggtggcaactatatagggttagcgtagcatttcttg- 5' 



such a way that the RNA transcript I VACAT1 contains in 5to 
3' order: 22 nucleotides derived from the 5' terminus of the 
influenza virus NS RNA, an 8 nt linker sequence including 
a Bglll restriction site, the CAT gene in negative polarity, 
and 26 nt derived form the 3' end of the influenza virus NS 
RNA (FIG. 11). 

pIVACATl was constructed in the following way: In 
order to obtain the correct 5 f -end in pIVACATl, the EcoRI- 
Scal fragment of the CAT gene derived from plasmid pCM7 
10 (Pharmacia) was ligated to a DNA fragment formed by two 
synthetic oligonucleotides. The sequence of these oligo- 
nucleotides are: 

5'- ACTGCGATGAGTGGCAGGGCGGGGCGTAATA - GAT- 3' 

15 (top strand), and 



Around the stop codon the two other oligonucleotides gen- 
erated a piece of DNA as follows: a blunt-ended SCAI site, 
the CAT sequence from this site up to and including the stop 
codon (underlined) followed by a Bglll site and a Xba I 
overhang. 



Seal Bgl it 

5'- actgcgatgagtggcagggcggggcgtaa tagat-3' oligo3 
3 '- tgacgctactcaccgtcccgccccgca ttatc tagatc -5 ' oligo4 
Xba I 



Using a single internal EcoRI site in the CAT sequence, 
the SfaNI/EcoRI and the EcoRI/Scal fragment from pCM7 
were independently cut out and purified from acrylamide 
gels. The SfaNI/EcoRI fragment was subsequently ligated 
with the synthetic DNA fragment obtained by annealing 
oligonucleotides 1 and 2 into a pUC19 plasmid that was cut 
with Xbal and EcoRI. The EcoRI/Scal fragment was simi- 
larly cloned into an Xbal and EcoRI -digested pUC19 plas- 
mid using oligonucleotides 3 and 4. The ligated DNA was 
transformed into competent DH5a bacteria, amplified, iso- 
lated and screened by means of restriction analysis using 
standard techniques. 

The recombinants with the SfaNI containing insert were 
cut with Xbal and EcoRI and the plasmids with the Seal 
insert were cut with EcoRI and Bglll. The fragments were 
purified from acrylamide gel and cloned together into the 
pPHV vector which had been cut with Xbal and Bglll. After 
transformation, white colonies were grown, analyzed by 
endo nuclease digestion and selected clones were sequenced. 
The final clone, pCATcNS2, was grown in large amounts 
and sequenced from the flanking pUC sequences up to 300 
nt into the CAT gene, revealing no discrepancies with the 
intended sequence, with the exception of a G to A transition 
in the CAT gene, which appeared silent. 

7.1.1. Viruses and Cells 

Influenza A/PR/8/34 and A/WSN/33 viruses were grown 
in embryonated eggs and MDCK cells, respectively 
(Ritchey et al. 1976, J. Virol. 18: 736-744; Sugiura et al., 
1972, J. Virol. 10: 639-647). RNP-transfections were per- 
formed on human 293 cells (Graham et al., 1977, J. Gen. 
Virol. 36: 59-72) and on Madin-Darby canine kidney 
(MDCK) cells (Sugiura et al., 1972, supra). 

7.1.2. Construction of Plasmids 

Plasmid pIVACATl, derived from pUC19, contains the 
coding region of the chloramphenicol acetyltransferase 
(CAT) gene flanked by the noncoding sequences of the 
influenza A/PR/8/34 RNA segment 8. This construct is 
placed under the control of the T7 polymerase promoter in 



5'- CTAGATCTATTACGCCCCGCCCTGCCAC ~ TCATCGCAGT-3' 

(bottom strand). For the 3'-end of the insert in pIVACATl 
20 the SfaN 1 -EcoRI fragment of the CAT gene was ligated to 
a DNA fragment made up of the synthetic oligonucleotides: 

5'- CTAGACGCCCTGCAGAAAAGCAGGGTGAC — AAAGACA 
T AAT GGAGAAAAAAAAT C ACT GGGT AT AC C ACCGTTGAT AT 
ATCCCAATCG — CATCGTAAA-3' 

25 

(top strand), and 

5'- GTTCTrrACGATGCGATTGGG AT - TITGCTGCAGGGCGT-3' 

30 (bottom strand). Oligonucleotides were synthesized on an 
Applied Biosystems DNA synthesizer. These 5' and 3' 
constructs were ligated into pUC19 shuttle vectors digested 
with Xbal and EcoRI, grown up, cut out with EcoRI/BlII (5* 
region) and Xbal/EcoRI (3* region) and ligated into Bill/ 

35 Xbal cut pPHV. The latter plasmid is similar to pV-WT 
described in Section 6, supra, except that it contains a Bglll 
site which separates the noncoding terminal sequences of the 
influenza A virus NS RNA segment. The final clone pIVA- 
CATl (FIG. 1) was grown up and the DNA was partially 

40 sequenced starting from the flanking pUC sequences and 
reaching into the CAT gene. No changes were found as 
compared to the expected sequences with the exception of a 
silent G to A transition in the CAT gene at position 106 
relative to the start of the IVACAT1 RNA. 

45 7.1.3. T7 RNA Transcription 

Plasmid pIVACATl was digested with Hgal (FIG. II), to 
allow run -off transcription. The 5 nt overhang generated by 
this enzyme was filled in with Klenow enzyme (BRL) and 
the DNA was purified over a spin column (Boehringer). The 

50 T7 polymerase reaction was performed using standard pro- 
cedures in the presence of Rnasin (Promega). Template 
DNA was removed from Rnase free Dnase I (Promega). The 
RNA was purified over Qiagen tip-5 columns (Qiagen, Inc.) 
and quantitated using 4% poly acrylamide gels which were 

55 silver stained. NS RNA was prepared from plasmid pHgaNS 
in the same way. 

7.1.4. Purification of Influenza A Virus Polymerase and In 
Vitro Transcription 
The RNA polymerase complex was purified from influ- 

60 enza A/PR/8/34 as described in Section 6, supra. In vitro 
transcriptions of cold IVACAT1 or HgaNS RNA template 
were carried out using the conditions which have been 
described in Section 6, supra. Radiolabeled transcripts were 
analyzed on 4% acrylamide gels. 

65 7.1.5. RNP-Transfection of MDCK and 293 Cells 

35 mm dishes containing approximately 10 6 cells were 
treated with 1 ml of a solution of 300 ^g/ml DEAE-dextrin, 
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0.5% DMSO in PBS/gelatine (0.1 mg/ml gelatine) for 30 
minutes at room temperature. After removal of this solution, 
200 fig of /d PBS/gelatine containing 1 ng IVACAT 1 RNA 
(1-2 /d), 20 (A of the purified polymerase preparation and 4 
/d of Rnasin was added to the cells and incubated for 1 hour 5 
at 37° C. This was followed by the addition of gradient 
purified influenza A/WSN/33 virus (moi 2-10). After incu- 
bation for one hour at 37° C, 2.5 ml of either DMEM+10% 
PCS media (293 cells) or MEM media (MDCK cells) was 
added. In some experiments MDCK cells were first infected 
and subsequently RNP-transfected. Harvesting of cells was 
done in NET buffer or in media, using a rubber policemen 
(MDCK cells), or by gentle suspension (293 cells). Cells 
were spun down and the pellets were resuspended in 100 jul 
of 0.25 M Tris buffer, pH 7.5. The samples were subse- 
quently freeze-thawed three-times and the cell debris was 15 
pelleted. The supernatant was used for CAT assays. 

7.1.6. Passaging of Virus from RNP-Transfected Cells 
MDCK cells were infected with helper virus and RNP- 
transfected 2 hours later as described above. After 1 hour 
cells and media were collected and cells were spun down. 20 
100/d of the supernatant media, containing virus, was added 

to 35 mm dishes with MDCK cells. After 12 hours these 
cells and media were collected and assayed for CAT activity. 
Virus contained in this supernatant media was used for 
subsequent rounds of infection of MDCK cells in 35 mm 25 
dishes. 

7.1.7. CAT Assays 

CAT assays were done according to standard procedures, 
adapted from Gorman et al., 1982, Mol. Cell. Biol. 2: 
1044-1051. The assays contained 10 p\ of 14 C chloram- 30 
phenicol (0.5 fid; 8.3 nM; NEN), 20 /d of 40 mM acetyl 
CoA (Boehringer) and 50 /d of cell extracts in 0.25M Tris 
buffer (pH 7.5). Incubation times were 16-18 hours. 

7.2. Results 

35 

rRNA templates were prepared from Hgal digested, end 
filled linearized pCATcNS using the bacteriophage T7 RNA 
polymerase as described in Section 6. The rRNA templates 
were combined with the viral RNA polymerase complex 
prepared as described in Section 6.1.1., and the resulting 40 
rRNPs were used to transfect MDCK and 293 cells lines 
which were superinfected with influenza A/WSN33. In each 
cell line transfected with the rRNPs, high levels of expres- 
sion of CAT was obtained 6 hours post-infection. In 
addition, virus stocks obtained 24 hours post-infection syn- 45 
thesized high levels of CAT enzyme after subsequent pas- 
sage in MDCK cells. The CAT-RNP was packaged into virus 
particles. 

7.2.1. Synthesis of IVACAT1 Template RNA 
In order to study the transcription and replication signals 50 
of influenza A virus RNAs in vivo, we constructed plasmid 
pIVACATl (FIG. II) which directs the synthesis of an NS 
RNA-like transcript. This RNA shares the 22 5' terminal and 
the 26 3' terminal nucleotides with the NS RNA of influenza 
A/PR/8/34 virus and contain — instead of the coding 55 
sequences for the NS1 and NS2 proteins — those for a 
full-length CAT protein. For cloning purposes it also con- 
tains eight additional nucleotides including a Bglll site 
between the stop codon of the CAT gene and the stretch of 
U's in the 5' noncoding region. The 17 promoter adjacent to 60 
the 5' noncoding sequences and the Hgal site downstream of 
the 3' end allow for the exact tailoring of the 5' and 3' ends. 
Run-off transcription using T7 polymerase generates a 716 
nt long RNA: FIG. 12, lanes 2-4 show that this RNA is of 
discrete length and shorter than the 890 nt long marker NS 65 
RNA, which was synthesized by T7 transcription of 
pHgaNS (lane 1). 
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7.2.2. The IVACAT1 RNA is Transcribed In Vitro by the 
Influenza a Virus RNA Polymerase 

In the examples described in Section 6, it was demon- 
strated that synthetic RNAs containing at the 3' end the 15 
3' terminal nucleotides of influenza virus RNA segment 8 
can be transcribed in vitro using purified influenza A virus 
RNA polymerase. We tested whether unlabeled IVACAT1 
RNA could be transcribed in a similar way. FIG. 12 lane 5 
shows that the in vitro transcription reaction generated an 
RNA of discrete length and similar size to the product of the 
T7 transcription reaction suggesting synthesis of a full 
length product. 

7.2.3. RNP-Transfection and CAT Activity 

Since the recombinant CAT RNA could be transcribed in 
vitro, a system was designed to test whether this RNA can 
be recognized and replicated in vivo (FIG. 13). Recombinant 
RNA was mixed with the purified polymerase to allow 
formation of viral RNP-like particles. To facilitate the 
association, the RNA/polymerase mixture was incubated in 
transcription buffer without nucleotides for 30 minutes at 
30° C. prior to RNP-transfection. In some experiments, this 
preincubation step was omitted. RNP-transfections were 
either preceded or followed by infection with influenza 
A/WSN/33 virus, since the production of viral polymerase 
protein was expected to be necessary for efficient amplifi- 
cation of the gene. The cells used were either MDCK cells, 
which are readily susceptible to influenza A/WSN/33 virus 
infection, or human 293 cells, which support infection at a 
slower rate. 

In order to determine whether the minus sense IVACAT1 
RNA could be amplified and transcribed in vivo, an experi- 
ment was performed in 293 cells. Cells were transfected 
with RNP, virus infected one hour later and harvested at 
various times post-infection. FIG. 14A shows that at early 
times post infection only background levels of CAT activity 
were detected (lanes 5, 7 and 9). However, significant levels 
of CAT activity appeared seven hours after virus infection 
(lane 11) A similar level of CAT activity was detected two 
hours later (lane 13). There were background levels of CAT 
activity in the mock transfected 5 cells at any time point 
(lanes 6, 8, 10, 12 and 14), and in control cells not infected 
with A/WSN/33 virus (lanes 1-4). 

Preincubation of RNA and polymerase complex was not 
necessary for successful RNP-transfection. As can be seen in 
FIG. 14B, lanes 2 and 3, preincubation might actually cause 
a decrease in CAT activity, presumably due to RNA degra- 
dation during preincubation. In another control experiment, 
infection by helper virus of RNP-transfected cells was 
omitted (FIG. 14B, lanes 4 and 5). Since these lanes show 
no CAT activity we conclude that the IVACAT1 RNA is 
amplified specifically by the protein machinery supplied by 
the helper virus. In an additional control experiment, naked 
RNA was transfected into cells which were subsequently 
helper-infected or mock-infected. Again, no CAT activity 
was detected in these samples (FIG. 14B, lanes 6-9). Finally 
virus-infected cells which were not transfected with recom- 
binate CAT-RNP also did not exhibit endogenous acetylation 
activity (FIG. 14B, lane 10). It thus appears that addition of 
the purified polymerase to the recombinant RNA as well as 
infection of cells by helper virus is important for successful 
expression of the CAT enzyme. 

Experiments were also performed using MDCK cells, the 
usual tissue culture host cell for influenza virus (FIG. 14C). 
When the reconstituted recombinant CAT-RNP complex 
was transfected I hour before virus infection, little CAT 
activity was observed at 7 hours post virus infection (FIG. 
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14C, lane 1). When RNP-transfection was accomplished 2 virus downstream of a truncated T3 promoter (FIG. 16). 

hours after virus infection, expression of CAT was greatly Therefore, runoff transcription of this plasmid, cut at the 

enhanced at 7 hours post-virus infection (FIG. 14C, lane 3). Ksp632I site, yields an RNA which is identical to the true 

S e eriments MDCK ^ ™ ^ ^ ^ ^ geD ° mic NA & ene of the WSN virus <? lG - 17 > lane 3 >* ^ 

expenments. ^ ^ ^ Pac kaged into Virus Particles 5 RNA WaS theD incubated with P urified Polymerase (purified 

e . t , ,. .r^K^mJA i » . i j ■ • as described in Section 6.1.1) and used in a ribonucleopro- 

Since the recombinant CATRNAcan be replicated in vivo / DKrD x t c 4 . . . 4 4 . r - 

via helper virus functions, we examined whether virus ! C1 f n ^ansfection experiment to allow the rescue of 

produced in RNP-transfected and helper virus infected cells infectl0US V1 ™s using helper virus which did not contain the 

contained the CAT gene. MDCK cells were used in the 10 WSN virus NA - ^ choice of WSN-HK helper virus was 

experiment because they yield higher titers of infectious based on the need for a strong selection system by which to 

virus than 293 cells. MDCK cells were infected with isolate a rescued virus. Previously, it was shown that the 

A/WSN/33 virus, RNP-transfected 2 hours later and allowed WSN-HK virus can only form plaques in MDBK cells when 

to incubate overnight. At 14 hours post infection, media was protease is added to the medium. This is in marked contrast 

harvested and cells were pelleted. Virus supernatant was to WSN virus (isogenic to WSN-HK virus except for the 

then used to infect new MDCK cell monolayers. The inocu- neuraminidase gene), which in the absence of protease 

lum was removed after 1 hour and cells were harvested at 12 ■ uhdi^ n a f i -i 

hours post infection and assayed for CAT activity. FIG. 15 ^ y re P totes » ™» BK forms large, easily 

reveals that the virus preparation induces a level of CAT if e P lat » ues (Schulman et al., 1977, J. Virol. 24: 

activity (lanes 2 and 3) which is significantly above control 170-176). 

(lane 1). In this case, the addition of helper virus to the 20 

inoculum did not increase CAT activity (lane 4). Further 8.1. Materials and Methods 
passaging of supernatant virus on fresh MDCK cells did not 

result in measurable induction of CAT activity. This is not 8.1.1. Viruses and Cells 

surprising as there is no selective pressure for retaining the a /\i/cm/« • ^ a /\i/cm tt^ • 

» m b . . . *\ __, . . j . ne Influenza A/WSN/33 virus and A/WSN-HK virus were 

CAT gene in these viral preparations. We excluded the 25 ■ x , ~ . . . , /w^™ 

possibility that we were transferring the original RNA/ S T " ™™ ^ < MDCI ? 

polymerase complex by pretreating the inocula with RNase. ' JTn lo^S; Tu" V f' 9 J^A 

This treatment destroys viral RNPs of influenza virus(Pons f fl 9 " 647; It^Z** 1 ' ^ ^' 

et al, 1969, Virology 39: 250-259; Scholtissek and Becht, 17 ^ 176 ); ^ UenZ \^ R/ ^ /3 f T*. wa f ^ 

1971 J. Gen. Virol 10- 11-16) 30 embr y° naled e ggs- Madin-Darby bovine kidney (MDBK) 

cells were used for the transfection experiments and for 

8. RESCUE OF INFECTIOUS INFLUENZA selection of rescued virus (Sugiura et al, 1972, J. Virol. 10: 

VIRUSES USING RNA DERIVED FROM 639-647). 



SPECIFIC RECOMBINANT DNAs 



8.1.2. Construction of Plasmids 



The experiments described in the subsections below dem- 35 

onstrate the rescue of infectious influenza viruses using Tne pT3NAv, pT3NAv mut 1 and pT3NAv mut 2 plas- 

RNA which is derived from specific recombinant DNAs. mids were constructed by PCR-directed mutagenesis using 

RNAs corresponding to the neuraminidase (NA) gene of a c ^n&d copy of the WSN NA gene, which was obtained 

influenza A/WSN/33 virus (WSN virus) were transcribed in following standard procedures (Buonagurio et al, 1986, 

vitro from appropriate plasmid DNAs and— following the 40 Scie °ce 232: 980-982). To construct pT3NAv, the following 

addition of purified influenza virus polymerase complex (as primers were used: 
described in Section 6.1.1. supra)— were transfected into 

MDBK cells as described in Section 7, supra. Superinfection 5*- cggaaitctcttcg agcgaaagcagg agtt- 3 and 

with helper virus, lacking the WSN NA gene, resulted in the 5 '- cc aagcitaitaacoctcactaaaagta g aaacaagg aght- 3' . 

release of viruses containing the WSN NA gene. Thus, this 45 

technology allows the engineering of infectious influenza After 35 cycles in a thermal cycler (Coy Lab Products, 

viruses using cDNA clones and site-specific mutagenesis of Mich.), the PCR product was digested with EcoRI and 

their genomes. Furthermore, this technology may allow for Hindlll and cloned into pUC19. Plasmid pT3NAv mut 1 was 

the construction of infectious chimeric influenza viruses constructed in a similar fashion except that the sequence of 

which can be used as efficient vectors for gene expression in 50 the primer was altered (FIG. 16). Plasmid pT3NAv mut 2 

tissue culture, animals or man. was constructed by cassette mutagenesis through the diges- 

The experiments described in Sections 6 and 7 supra, tion of pT3NAv with PstI and Ncol and religation in the 

demonstrate that the 15 3' terminal nucleotides of negative presence of the synthetic oligonucleotides — 

S'-CATGGGTGAGTTTCGACCAAAATCTAGATTATAAAATAGGATACA^ 
and 5 AATGTATCCTArTrTATAATCTAG ATTTl^GGTCG A AA CTC A CC- 3 . 



strand influenza virus RNAs are sufficient to allow transac- 
tion in vitro using purified influenza virus polymerase pro- 
teins. In addition, the studies using the reporter gene 
chloramphenicol acetyltransferase (CAT) show that the 22 5' 
terminal and the 26 3' terminal nucleotides of the viral RNAs 
contain all the signals necessary for transcription, replication 
and packaging of influenza virus RNAs. As an extension of 
these results, a plasmid, pT3NAv, was constructed which 
contained the complete NA gene of influenza A/WSN/33 



60 Oligonucleotides were synthesized on an applied Biosys- 
tems DNA synthesizer. The final clones pT3NAv, pT3NAv 
mut 1 and pT3NAv mut 2 were grown up and the DNAs 
were partially sequenced starting from the flanking pUC 19 
sequences and reaching into the coding sequences of the NA 
gene. The mutations in pT3NAv mut 2 were also confirmed 

65 by sequencing. 

8.1.3. Purification of Influenza a Virus Polymerase and 
RNP Transfection in MDBK Cells 
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The RNA polymerase complex was purified from influ- 
enza A/PR/8/34 virus as described in Section 6. 1. 1, supra, 
and was then used for RNP transfection in MDBK cells 
using the protocol described in Section 7, supra, except that 
WSN-HK virus was used as helper virus at an moi of 1. 5 
RNAs used for RNP transfection were obtained by phenol 
extraction of purified virus or by transcription (using T3 
polymerase) of pT3NAv, pT3NAv mut 1 and pT3NAv mut 
2. All plasmids were digested with Ksp632I, end-filled by 
Klenow enzyme (BRL) and then transcribed in a runoff 10 
reaction a described in Section 7, supra. 

8.2. Results 

8.2.1. Rescue of Infectious Influenza Virus in MDBK 
Cells Using RNA Derived from Recombinant Plasmid DNA 15 

A plasmid, pT3NAv, was constructed to contain the 
complete NA gene of influenza WSN virus downstream of 
a truncated T3 promoter (FIG. 16). Runoff transcription of 
the plasmid, cut at the Ksp632I site, yields an RNA which 
is identical in length to the true genomic NA gene of the 
WSN virus (FIG. 17, lane 3). This RNA was then incubated 
with purified polymerase and used in a ribonucleoprotein 
(RNP) transfection experiment to allow the rescue of infec- 
tious virus using helper virus. The choice of WSN-HK virus 
as helper virus was based on the need for a strong selection 
system by which to isolate a rescued virus. Previously, its 
was shown that the WSN-HN virus can only form plaques 
in MDBK cells when protease is added to the medium 
(Schulman et aL, 1977, J. Virol. 24: 170-176). This is in 3Q 
marked contrast to WSN virus (isogenic to WSN-HK helper 
virus except for the neuraminidase gene), which in the 
absence of protease readily replicates in MDBK cells and 
forms large, easily visible plaques (Sugiura et al., 1972, J. 
Virol. 10: 639-647). MDBK cells were first infected with 35 
the WSN-HK helper virus and RNP-transfected one hour 
after virus infection. Following overnight incubation in the 
presence of 20jMg/ml plasminogen, supernatant from these 
cells was then amplified and plaqued in MDBK cells in the 
absence of protease in the medium. The appearance of 
plaques in MDBK cells (Schulman et al, 197, J. Virol. 10: 
639-647) indicated the presence of virus which contained 
the WSN virus NA gene, since supernatant from control 
experiments of cells infected only with the WSN-HK virus 
did not produce plaques. In a typical experiment involving 45 
the use of a 35 mm dish for the RNP-transfection, 2.5xl0 2 4 
plaques were observed. 

In another control experiment, synthetic NA RNA was 
used which was derived from plasmid pT3NAv mut 1 (FIG. 
16). This RNA differs from the wild type NA RNA derived 50 
from pT3NAv by a single nucleotide deletion in the non- 
translaled region of the 5' end (FIG. 16). RNP-transfection 
of MDBK cells with this RNA and superinfection with 
WSN-HK virus did not result in the formation of rescued 
virus. This negative result is readily explained since we have 55 
shown in Section 6 and 7, supra, that the essential sequences 
for the recognition of viral RNA by viral polymerases as 
well as the packaging signals are located within the 3' and 5' 
terminal sequences of the viral RNAs. However, we cannot 
exclude the possibility that rescue of virus using this 60 
mutated RNA does occur, albeit at an undetected frequency. 

8.2.2. RNA Analysis of Rescued Virus 

Virus obtained in the rescue experiment was plaque 
purified, amplified in MDBK cells and RNA was extracted 
from this preparation. The RNA was then analyzed by 65 
electrophoresis on a polyacrylamide gel. FIG. 17 shows the 
RNA of the helper virus WSN-HK (lane 1) and the synthetic 



NA RNA (lane 3), which was transcribe by T3 polymerase 
from plasmid pT3NAv. The migration pattern of the RNAs 
of the rescued virus (lane 2) is identical to that of control 
WSN virus (lane 4). Also, the NA RNAs in lanes 2 and 4 
migrate at the same position as the NA RNA derived from 
cDNA (lane 3) and faster than the HK virus NA band in the 
helper WSN-HK virus (lane 1). These experiments support 
the conclusion that as a result of the RNP-transfection, 
infectious virus was formed containing WSN virus NA RNA 
derived from cDNA. 

8.2.3. Rescue of Infectious Influenza Virus Using Virion 
RNA 

In another transfection experiment, RNA extracted from 
purified WSN virus was employed. When this naked RNA is 
transfected together with the polymerase proteins into helper 
virus infected cells, rescue of WSN virus capable of repli- 
cating in MDBK cells is observed. RNA isolated from an 
amplified plaque in this experiment is analyzed in lane 5 of 
FIG. 17 and shows a pattern indistinguishable from that of 
the control of WSN virus in lane 4. 

8.2.4. Introduction of Site-Specific Mutations into the 
Viral Genome 

The experiments described so far involved the rescue of 
influenza WSN virus. Since the synthetic RNA used in these 
experiments is identical to the authentic WSN NAgene, the 
unlikely possibility of contamination by wild type WSN 
virus could not be rigorously ruled out. Therefore, we 
introduced five silent point mutations in the coding region of 
the NA gene in plasmid pT3NAv. These mutations were 
introduced by cassette mutagenesis through replacement of 
the short NcoI/PstI fragment present in the NA gene. The 
five mutations in the cDNA included a C to T change at 
position 901 and a C to A change at position 925, creating 
a new Xbal site and destroying the original PstI site, 
respectively. In addition, the entire serine codon at position 
887-889 of the cDNA clone was replaced with an alternate 
serine triplet (FIG. 17). RMP-transfection of this 
mutagenized RNA (pT3NAv mut 2) and helper virus infec- 
tion of MDBK cells again resulted in the rescue of a 
WSN-like virus which grew in MDBK cells in the absence 
of added protease. When the RNA of this virus was exam- 
ined by sequence analysis, all five point mutations present in 
the plasmid DNA (FIG. 16) were observed in the viral RNA 
(FIG. 18). Since it is extremely unlikely that these mutations 
evolved in the wild type influenza WSN virus, we conclude 
that successful rescue of infectious influenza virus contain- 
ing five site-specific mutations was achieved via RNP- 
transfection of engineered RNA. 

9. RESCUE OF INFECTIOUS RESPIRATORY 
SYNCYTIAL VIRUSES (RSV) USING RNA 
DERIVED FROM SPECIFIC RECOMBINANT 
DNAs. 

This example describes a process for the rescue of syn- 
thetic RNAs of infectious respiratory syncytial virus (RSV), 
derived from recombinant cDNAs of first portions of and 
then the entire RSV RNA genome into stable and infectious 
RSVs, as noted in Section 5 above. This process can be used 
in the production of chimeric RSV viruses which can 
express foreign genes, ie, genes non -native to RSV. Another 
exemplary way to achieve the production of chimeric RSV 
involves modifying existing, native RSV genes, as is further 
described. Accordingly, this example also describes the 
utility of this process in the directed attenuation of RSV 
pathogenicity, resulting in production of a vaccine with 
defined, engineered biological properties for use in humans. 
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The first step of the rescue process involving portions of cDNA construct may be transfected into cells infected with 

the RS V genome requires synthesis of double strand DNA a heterologous virus, for example vaccinia virus, expressing 

representing the 3' and S'-terminal extracistronic regions of the essential helper RSV strain A2 proteins and T7 

RSV strain A2 (leader and trailer respectively). The assem- polymerase, thereby enabling transcription of the entire 

bly of these extracistronic regions is described in more detail 5 RSV genomic RNA from the plasmid DNA containing the 

in Section 9.1.2. The bacterial CAT gene, the exemplary RSV cDNA construct. The vaccinia virus need not however, 

heterologous gene coding sequence used in this example, is s j the hc , leins themse ives but only the T7 

then flanked with the leader and trailer DNAs to form a polymerase; then hel teins be e ressed from 

miniature JSV genome with he leader region positioned transfected Iasmids conlaining the R £ v N, P and L genes, 

closest to the CJT gene AUG initiation codon for pro ein M riate , positioned adjac * t t0 their Qwn „ J oitTS 

synthesis); see FIG. 21. RNA is transcribed in vitro from this ..... . . 

DNA construct and transfected into helper virus-infected J Where re P hcatin S v ™ * P ^^ ng the h ^P er function 

(RSV strain A2, or RSV strain B9320) 293 cells. The during rescue experiments, the B9320 strain of RSV is used, 

subsequent presence of CAT activity in these cells indicates aU ?*™ g dlfferen ' iation of P ro S en y rescued RSV strail > A2 

the encapsidation, transcription and replication of the RSV/ 1C and helper virus RSV strain B9320 with neutralizing mono- 

CAT RNA. It will be apparent to one skilled in the art that 15 clonal antlbodies direct ^ a gainst RSV B9320. Rescued 

other heterologous sequences, such as for example, other RSV stram ^ 18 P osltlvel y identified by the presence of 

foreign or non-native genes (i.e. genes from organisms or specific nucleotide 'marker 1 sequences inserted in the cDNA 

sources other than RSV), additional RSV genes, native RSV C0 Py of the RSV S enome P nor to rescue - 

genes or regulatory sequences having specific substitutions, The establishment of a rescue system for native, ie, 

additions and/or deletions in the nucleotide sequence and/or 'wild-type' RSV strain A2 allows modifications to be intro- 

gross alterations in the genetic structure of native RSV, that, duced into the cDNA copy of the RSV genome to construct 

in effect, result in heterologous sequences due to their chimeric RSV containing sequences heterologous in some 

alterations or modifications, can be substituted for the CAT manner to that of native RSV, such that the resulting rescued 

sequence exemplified herein to produce a chimeric RSV. vims may be attenuated in pathogenicity to provide a safe 

The first step of the rescue process involving the entire and efficacious human vaccine as discussed in Section 5.4 

RSV RNA genome requires synthesis of a full length copy above * ^ S enetic alterations required to cause virus attenu- 

of the 15 kilobase (kb) genome of RSV strain A2. This is ation ma y be & oss ( e -8- translocation of whole genes and/or 

accomplished by splicing together subgenomic double regulatory sequences within the virus genome), or minor 

strand cDNAs (using standard procedures for genetic -(e.g. single or multiple nucleotide substitutions), addition(s) 

manipulation) ranging in size from 1 kb-3.5 kb, to form the and/or deletions) in key regulatory or functional domains 

complete genome cDNA. Determination of the nucleotide within the virus genome), as further described in detail, 

sequence of the genome cDNA allows identification of In addition to alteration(s) (including alteration resulting 

errors introduced during the assembly process; errors can be from translocation) of the RSV genetic material to provide 

corrected by site directed mutagenesis, or by substitution of 3S heterologous sequence, this process permits the insertion of 

the error region with a piece of chemically synthesized 'foreign' genes (i.e., genes non-native to RSV) or genetic 

double strand DNA. Following assembly, the genome cDNA components thereof exhibiting biological function or anti- 

is positioned adjacent to a transcriptional promoter (e.g., the genicity in such a way as to give expression of these genetic 

T7 promoter) at one end and DNA sequence which allows elements; in this way the modified, chimeric RSV can act as 

transcriptional termination at the other end, e.g., a specific 40 an expression system for other heterologous proteins or 

endonuc lease or a ribozyme, to allow synthesis of a plus or genetic elements, such as ribozymes, anti-sense RNA, spe- 

minus sense RNA copy of the complete virus genome in cific oligoribonucleotides, with prophylactic or therapeutic 

vitro or in cultured cells. potential. 

The rescue process utilizes the interaction of full length 

RSV strain A2 genome RNA, which is transcribed from the 45 9A Re scue of the Leader and Trailer Sequences of 

constructed cDNA, with helper RSV subgroup B virus RSV Strain A 2 Usin S RSV Strain B932 ° ^ Helper 

proteins inside cultured cells. This can be accomplished in a 9.1.1. Viruses and Cells 

number of ways. For example, full length virus genomic AUI _ Lnm , , . A . , . 

RNA from RSV strain A2 can be transcribed in vitro and . * th i , * h «fV stain A2 and RSV strain B9320 was used 

transfected into RSV strain B9320 infected cells, such as 50 |° *is Example, they are exemplary It is within i the skil tin 

293 cells using standard transfection protocols. In addition, th ? art t0 D USe . other strains of RSV subgroup A and RSV 

in vitro transcribed genomic RNA from RSV strain A2 can * ub 8 rou P » ' in ^dance with the teachings of this 

be transfected into a cell line expressing the essential RSV Exam P le - M J e ' hod u s which em P lo y such other strains are 

strain A2 proteins (in the absence of helper virus) from encompassed by the invention. 

stably integrated virus genes. 55 RSV strain A 2 and RSV strain B9320 were grown in 

Alternatively, in vitro transcribed virus genome RNA He P" 2 cells and Ver0 cells respectively, and 293 cells were 

(RSV strain A2) can also be transfected into cells infected used as hosl dunn & transfection/rescue experiments. All 

with a heterologous virus (e.g. in particular vaccinia virus) lhree cel1 Ilnes were obtained from the ATCC (Rockville, 

expressing the essential helper RSV strain A2 proteins, Md >- ^ RSV slrain ^ was ako obtained from the ATCC 

specifically the N, P and L proteins. In addition the in vitro 6 0 and RSV Strain B932 ° was a glft from Dr M " Hendr y at the 

transcribed genomic RNA may be transfected into cells Department of Health Services, Berkeley, Calif, 

infected with a heterologous virus, for. example vaccinia 9.1.2. Construction of Plasmids 

virus, expressing T7 polymerase, which enables expression Plasmid pRSVA2CAT (FIG. 21) was constructed as 

of helper proteins from transfected plasmid DNAs contain- described below. 

ing the helper N, P and L genes. 65 The cDNAs of the 44 nucleotide leader and 155 nucle- 

As an alternative to transfection of in vitro transcribed otide trailer components of RSV strain A2 (see Mink et al, 

genomic RNA, plasmid DNA containing the entire RSV Virology 185:615-624 (1991); Collins et al., Proc. Natl. 
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Acad. ScL 88:9663-9667 (1991)), the trailer component also 
including the promoter consensus sequence of bacterioph- 
age T7 polymerase, were separately assembled by controlled 
annealing of oligonucleotides with partial overlapping 
complementarity (see FIG. 21). The oligonucleotides used in 
the annealing were synthesized on an Applied Biosystems 
DNA synthesizer (Foster City, Calif.). The separate oligo- 
nucleotides and their relative positions in the leader and 
trailer sequences are indicated in FIG. 21. The oligonucle- 
otides used to construct the leader were: 

1. 5' CGA CGC ATA TTA CGC GAA AAA ATG CGT ACA ACA 
AACTTG CAT AAA C 

2. 5' CAA AAA AAT GGG GCA AAT AAG AAT TTG ATA AGT 
ACC ACT TAA ATT TAA CT 

3. 5' CTA GAG TTA AAT TTA AGT GGT ACT 

4. 5' TAT CAA ATT CTT ATT TGC CCC ATT TTT TTG GTT 
TAT GCA AGT TTG TTG TA 

5. 5* CGC ATT TTT TCG CGT AAT ATG CGT CGG TAC 

The oligonucleotides used to construct the trailer were: 

1. 5' GTA TTC AAT TAT AGT TAT TAA AAA TTA AAA ATC ATA 
TAA TTT TTT AAA TA 

2. 5' ACT TTT AGT GAA CTA ATC CTA AAG TTA TCA TTT TAA 
TCT TGG AGG AAT AA 

3. 5* ATT TAA ACC CTA ATC TAA TTG GTT TAT ATG TGT ATT 
AAC TAA ATT ACG AG 

4. 5' ATA TTA GTT TTT GAC ACT TTT TTT CTC GTT ATA GTG 
AGT CGT ATT A 

5. 5' AGC TTA ATA CGA CTC ACT ATA ACG A 

6. 5' GAA AAA AAG TGT CAA AAA CTA ATA TCT CGT AAT 
TTA GTT AAT ACA CAT AT 

7. 5' AAA CCA ATT AGA TTA GGG TTT AAA TTT ATT CCT CCA 
AGA TTA AAA TGA TA 

8. 5' ACT TTA GGA TTA GTT CAC TAA AAG TTA TTT AAA AAA 
TTA TAT GAT TTT TA 

9. 5' ATT TTT AAT AAC TAT AAT TGA ATA CTGCA 

The complete leader and trailer cDNAs were then ligated to 
the CAT reporter gene Xbal and PstI sites respectively to 
form a linear- 1 kb RSV/CAT cDNA construct. This cDNA 
construct was then ligated into the Kpnl and Hindlll sites of 
pUC19. The integrity of the final pRSVA2CAT construct 
was checked by gel analysis of the size of Xbal/PstI and 
Kpnl/HindlH digestion products. 

In vitro transcription of Hgal linearlized pRSVA2CAT 
with bacteriophage T7 polymerase was performed according 
to the T7 supplier protocol (Promega Corporation, Madison, 
Wis.). Confluent 293 cells in six-well dishes (~lxl0 6 cells 
per well) were infected with RSV strain B9320 at 1 pfu 
cell -1 and 1 hour later were transfected with 5-10 fig of the 
in vitro transcribed RNA from the pRSVA2CAT construct. 
The transfection procedure followed the transfection proce- 
dure of Collins et al., Virology 195:252-256 (1993) and 



employed Transfect/ACE™ and Optimem reagents accord- 
ing to the manufacturers specifications (Gibco-BRL, 
Bethesda, Md.). At 24 hours post infection the 293 cells 
were assayed for CAT activity using a standard protocol 

5 (Current Protocols in Molecular Biology, Vol. 1, Chapter 
9.6.2; Gorman, et al., (1982) Mol. Ceil. Biol. 2:1044-1051). 
The detection of high levels of CAT activity indicated that 
in vitro transcribed negative sense RNA containing the 
'leader' and 'trailer* regions of the RSV A2 strain genome 

io and the CAT gene can be encapsidated, replicated and 
expressed using proteins supplied by RSV strain B9320 (See 
FIG. 22). The level of CAT activity observed in these 
experiments was at least as high as that observed in similar 
rescue experiments where homologous RSV strain A2 was 

15 used as helper virus. This ability of an antigenically distinct 
subgroup B RSV strain B9320 to support the encapsidation, 
replication and transcription of a subgroup A RSV strain A2 
RNA has to our knowledge hitherto not been formally 
reported. In view of the fact that influenza B virus is unable 

20 to provide analogous helper activity for similar CAT con- 
structs containing influenza A leader and trailer sequences, 
these observations are therefore surprising and unexpected. 

9.2 Construction and Rescue of a cDNA 
25 Representing the Complete Genome of RSV 

To obtain a template for cDNA synthesis, RSV genomic 
RNA, comprising 15,222 nucleotides, is purified from 
infected Hep-2 cells according to the method described by 
Ward et al., J. Gen. Virol 64:1867-1876 (1983). Based on 

30 the published nucleotide sequence of RSV, oligonucleotides 
are synthesized using an Applied Biosystems DNA synthe- 
sizer (Applied Biosystems, Foster City, Calif.) to act as 
primers for first and second strand cDNA synthesis from the 
genomic RNA template. The nucleotide sequences and the 

35 relative positions of the cDNA primers and key endonu- 
clease sites within the RSV genome are indicated in FIG. 23. 
The production of cDNAs from virus genomic RNA is 
carried out according to the reverse transcription/ 
polymerase chain reaction (RT/PCR) protocol of Perkin 

40 Elmer Corporation, Norwalk, Conn, (see also Wang et al., 
(1989) Proc. Natl. Acad. ScL 86:9717-9721); the amplified 
cDNAs are purified by electro elution of the appropriate 
DNA band from agarose gels. Purified DNA is ligated 
directly into the pCRII plasmid vector (Invitrogen Corp. San 

45 Diego), and transformed into either 'One Shot' E. coli cells 
(Invitrogen) or 'SURE*£. coli cells (Stratagene, San Diego). 
The resulting, cloned, virus specific, cDNAs are assembled 
by standard cloning techniques (Sambrook et al., Molecular 
Cloning— A Laboratory manual, Cold Spring Harbor Labo- 

50 ratory Press (Cold Spring Harbor, N.Y., 1989) to produce a 
cDNA spanning the complete RSV genome. The entire 
cDNA genome is sequenced, and incorrect sequence 
replaced by either site-directed mutagenesis or chemically 
synthesized DNA. Nucleotide substitutions are introduced at 

55 bases 7291 and 7294 (with base number 1 being at the start 
of the genomic RNA 3' end) in the *F' gene, to produce a 
novel StuI endonuclease site, and at positions 7423, 7424, 
and 7425 (also in the F gene) to produce a novel Pmel site. 
These changes are designed to act as definitive markers for 

60 rescue events. The bacteriophage T7 polymerase and the 
Hgal endonuclease site are placed at opposite ends of the 
virus genome cDNA such that either negative or positive 
sense virus genome RNA can be synthesized in vitro. The 
cDNAs representing the T7 polymerase promoter sequence 

65 and the recognition sequence for Hgal were synthesized on 
an Applied Biosystems DNA synthesizer and are separately 
ligated to the ends of the virus genome cDNA, or are added 
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as an integral part of PCR primers during amplification of ity in comparison to the native RSV starting material. The 

the terminal portion of the genome cDNA, where appropri- nucleotide sequences for the foregoing encoded proteins are 

ate; the latter procedure is used when suitable endonuclease known, as is the nucleotide sequence for the entire RSV 

sites near the genome cDNA termini are absent, preventing genome. See Mcintosh, Respiratory Syncytial Virus in 

direct ligation of chemically synthesized T7 promoter/Hgal 5 Virology, 2d Ed. edited by B. N. Fields, D. M. Knipe et al, 

site cDNA to the genome cDNA. This complete construct Raven Press> Ud New Yor k, 1990 Chapter 38, 

(genome cDNA and flanking T7 promoter/Hgal recognition pp i045-1073, and references cited therein, 

sequence) is then cloned into the KpnI/NotI sites of the ™ ,. c . .... . . . 

r>i • » ii cv u ■ j /o 4 t c ™- \ e These modifications can additionally or alternatively 

Bluescnpt II SK phagemid (Stratagene, San Diego) from . , , . . . J . . . ' 

uu.u a t*7 ♦ u u ju comprise localized, site specific, smgle or multiple, nucle- 

which the endogenous T7 promoter has been removed by in n s A *„ u ^^ *• a i *• aau- -a.- ai 

• . i • * j 7 • tTxta * u j c *u- 10 otide substitutions, deletions or additions within genes and/ 

site-directed mutagenesis. RNA transcribed from this com- , ' . ~ . * , ' 

, , 7 ♦ u j • nc\/ u or regulatory domains of the RSV genome. Such site 

plete genome construct may be rescued using RSV subgroup .jf . , 1t . , j , 

V, , i . . . / no\/ • j •*£ specific, single or multiple, substitutions, deletions or addi- 

B helper virus to give infectious RSV in accordance with 5 • .J • J 

i- ini-ru L- * e *u i* tions can reduce virus pathogenicity without overly attenu- 

Example 9.1. Ims basic rescue system for the complete . 4 r . . I , . . . r ; , . 

• ( ii 4 , r»o\/ * • ■ nxTA i- ating it, tor example, by reducing the number of lysine or 

native, i.e., 'wild -type RSV A2 strain genomic RNA can be 1<; . & . ., i • • . « . 

, a * * I • * c a'c * * • . *u 15 argimne residues at the cleavage site in the F protein to 

employed to introduce a variety of modifications into the j - r i « . . „ 

n f TA * . • • .i . , j . - reduce efficiency of its cleavage by host cell proteases 

cDNA copy of the genome resulting in the introduction of /u , ui* j* u i . 

u * * • * *l. o l u (where cleavage is believed to be an essential step in 

heterologous sequences into the genome. Such changes can A , f4 , , .v , 4 , , ... 

• * * j * j - , & ... ... . 7 . 4 . functional activation of the 'F protein), and thereby possibly 

be designed to reduce viral pathogenicity without restricting • . , e . 4 j-* ■ *u / ( 

& ,. 4 . 4 • . u L • -Li reduce virulence. Site specific modifications in the 3' or 5' 

virus replication to a point where rescue becomes impossible ~ n , , . r t , r np . ; . , , 

, r . r . . ~. . , t f. . t 20 regulatory regions of the RSV genome may also be used to 

or where virus gene expression is insufficient to stimulate . . • *• * *u c ,• 

adeauate immunitv increase transcription at the expense of genome replication. 

J? ... . . , In addition, localized manipulation of domains within the N 

Hiese modifications can comprise gross alterations of the ^ whkh fa tQ ^ switcfa between 

genetic structure of RSV, such as gene shufflmg. For transcription and replication can be made to reduce genome 

example, the RSV M, gene can be translocated to a 25 lication but stiu allow hi ^ levels of transcription . 

position closer to the 5 end of the genome, in order to take Fufther) the cy t op lasmic domain(s) of the G and F glyco- 

advantage of the known y to 5' gradient in virus gene ^ caQ be altefed iQ 0fder lQ reduce thek r ^ of 

expression, resulting in reduced levels of <M protein migration through the endoplasmic reticulum and golgi of 

expression in infected cells and thereby reducing the rate of M&cied cells> thereb slowi virus maturation . In such 

virus assembly and maturation. Other genes and/or regula- 30 caseS) {t be sufficient tQ mo(Jif ^ mi tion of G 

tory regions may also ibe tram^^ appropnately in some otein onl which would then aUow additional 

cases from other strains of RSV of human or animal origin. up . regu i a ti 0 n of ( F' production, the main antigen involved in 

For example, the F gene (and possibly the «G gene) of a stimulating neutralizing ant ibody production during RSV 

human subgroup B RSV could be msertec I mto an otherw^e mfections< Such localized substitutions, deletions or addi- 

RSV strain A genome (in place of, or in addition to the RSV 35 tfons witnin genes and /of regulalory domains of me RSV 

strain A b and O genes). genome are believed to result in chimeric, modified RSV 

In another approach, the RNA sequence of the RSV also having reduced pathogenicity relative to the native RSV 

viruses 'N 5 protein is translocated from its 3* proximal site genome starting material, 
to a position closer to the 5' end of the genome, again taking 

advantage of the 3' to 5' gradient in gene transcription to 40 9,3 Use of Monoclonal Antibodies to Differentiate 
reduce the level of N protein produced. By reducing the Rescued Virus from Helper Virus 
level of N protein produced, there would result a concomi- In order to neutralize the RSV strain B9320 helper virus 
tant increase in the relative rates of transcription of genes and facilitate identification of rescued A2 strain RSV, mono- 
involved in stimulating host immunity to RSV and a con- clonal antibodies against RSV strain B9320 were made as 
comitant reduction in the relative rate of genome replication. 45 follows. 

Thus, by translocating the RSV RNA sequence coding for Six BALB/c female mice were infected intranasally (i.n.) 
RSV N protein, a chimeric RSV virus having attenuated with -10 s plaque forming units (p.f.u.) of RSV B9320, 
pathogenicity relative to native RSV will be produced. followed 5 weeks later by intraperitoneal (i.p.) inoculation 
Another exemplary translocation modification resulting with 10 6 -10 7 pfu of RSV B9320 in a mixture containing 
in, in effect, the introduction of heterologous sequence as is 50 50% complete Freund's adjuvant. Two weeks after i.p. 
discussed herein may result in the production of attenuated inoculation, a blood sample from each mouse was tested for 
chimeric RSV comprises the translocation of RSV RNA the presence of RSV specific antibody using a standard 
sequence coding for the ( L' protein of RSV. This sequence neutralization assay (Beeler and Coelingh, J. Virol. 
of the RSV virus is believed responsible for viral polymerase 63:2941-2950 (1988)). Mice producing the highest level of 
protein production. By translocating the RSV sequence 55 neutralizing antibody were then further boosted with ~10 6 
coding for L protein from its native 5' terminal location in p.f.u. of RSV strain B9320 in phosphate buffered saline 
the native RSV genome to a location at or near the 3' (PBS), injected intravenously at the base of the tail. Three 
terminus of the genome, a chimeric RSV virus exhibiting days later, the mice were sacrificed and their spleens col- 
attenuated pathogenicity will be produced. Yet another lected as a source of monoclonal antibody producing 
exemplary translocation comprises the switching the loca- 60 B-cells. Spleenocytes (including B -cells) were teased from 
tions of the RSV RNA sequences coding for the RSV G and the mouse spleen through incisions made in the spleen 
F proteins (ie, relative to each other in the genome) to capsule into 5 ml of Dulbecco's Modified Eagle's Medium 
achieve a chimeric RSV having attenuated pathogenicity (DME). Clumps of cells were allowed to settle out, and the 
resulting from the slight modification in the amount of the G remaining suspended cells were separately collected by 
and F proteins produced. Such gene shuffling modifications 65 centrifugation at ~2000xg for 5 minutes at room tempera- 
as are exemplified and discussed above are believed to result ture. These cell pellets were resuspended in 15 ml 0.83% 
in a chimeric, modified RSV having attenuated pathogenic- (w/v) NH 4 C1, and allowed to stand for 5 minutes to lyse red 
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blood cells. Spleenocytes were then collected by centrifu- 
gation as before through a 10 ml cushion of fetal calf serum. 
The spleenocytes were then rinsed in DME, repelleted and 
finally resuspended in 20 ml of fresh DME. These spleeno- 
cytes were then mixed with Sp2/0 cells (a mouse myeloma 
cell line used as fusion partners for the immortalization of 
spleenocytes) in a ratio of -10:1, spleen cells: Sp2/0 cells. 
Sp2/0 cells were obtained from the ATCC and maintained in 
DME supplemented with 10% fetal bovine serum. The cell 
mixture was then centrifuged for 8 minutes at 2000xg at 
room temperature. The cell pellet was resuspended in 1 ml 
of 50% polyethylene glycol 1000 mol. wt. (PEG 1000), 
followed by addition of equal volumes of DME at 1 minute 
intervals until a final volume of 25 ml was attained. The 



10 



containing 1% F.C.S. This mixture was then added to Hep-2 
cell monolayers, which had been infected with the progeny 
of rescue experiments at an m.o.i. of ~0. 1-0.01 pfu cell" 1 . 
The monoclonal antibody in the agar overlay inhibited the 
growth of RSV strain B9320, but allowed the growth of RSV 
strain A2, resulting in plaque formation by the A2 strain. 
These plaques were picked using a pasteur pipette to remove 
a plug of agar above the plaque and the infected cells within 
the plaque; the cells and agar plug were resuspended in 2 ml 
of EMEM, 1 % FCS, and released virus was plaqued again 
in the presence of monoclonal antibody on a fresh Hep-2 cell 
monolayer to further purify from helper virus. The twice 
plaqued virus was then used to infect Hep-2 cells in 24 well 
plates, and the progeny from that were used to infect 6 well 



fused cells were then pelleted as before and resuspended at 15 plates at an m.o.i. of -0.1 pfu cell -1 . Finally, total infected 



3.5 xlO 6 spleen cells ml" 1 in growth medium (50% condi 
tioned medium from Sp2/0 cells, 50% HAT medium con- 
taining 100 ml RPMI 25 ml F.C.S., 100 ^gml -1 gentamicin, 
4 ml 50x Hypoxanthine, Thymidine, Aminopterin (HAT) 
medium supplied as a prepared mixture by Sigma Chem. 
Co., St. Louis, Mo.). The cell suspension was distributed 
over 96 well plates (200 //l well -1 ) and incubated at 37° C, 
95% humidity and 5% C0 2 . Colonies of hybridoma cells 
(fused spleenocytes and Sp2/0 cells) were then subcultured 
into 24 well plates and grown until nearly confluent; the 
supernatant growth medium was then sampled for the pres- 
ence of RSV strain B9320 neutralizing monoclonal 
antibody, using a standard neutralization assay (Beeler and 
Coelingh, J. Virol 63:2941-50 (1988)). Hybridoma cells 
from wells with neutralizing activity were resuspended in 
growth medium and diluted to give a cell density of -0.5 
cells per 100 //l and plated out in 96 well plates, 200 fA per 
well. This procedure ensured the production of monoclones 
(i.e. hybridoma cell lines derived from a single cell) which 
were then reassayed for the production of neutralizing 
monoclonal antibody. Those hybridoma cell lines which 
produced monoclonal antibody capable of neutralizing RSV 
strain B9320 but not RSV strain A2 were subsequently 
injected into mice, i.p. (10 6 cells per mouse). Two weeks 
after the i.p. injection mouse ascites fluid containing neu- 
tralizing monoclonal antibody for RSV strain B9320 was 
tapped with a 19 gauge needle, and stored at -20° C. 

This monoclonal antibody was used to neutralize the RSV 
strain B9320 helper virus following rescue of RSV strain A2 
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cell RNA from one well of a 6 well plate was used in an 
RT/PCR reaction using first and second strand primers on 
either side of the 'marker sequences* (introduced into the 
RSV strain A2 genome to act as a means of recognizing 
rescue events) as described in Section 9.2 above. The DNA 
produced from the RT/PCR reaction was subsequently 
digested with StuI and Pmel to positively identify the 
'marker sequences' introduced into RSV strain A2 cDNA, 
and hence to establish the validity of the rescue process. 

10. DEPOSIT OF MICROORGANISMS 

An E. coli cell line containing the plasmid pIVACAT is 
being deposited with the Agricultural Research Culture 
Collection (NRRL), Peoria, IL; and has the following acces- 
sion number 



Strain 



Plasmid 



Ascension Number 



35 



E. coli (DH5a) 



pIVACAT 



NRRL 
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The present investigation is not to be limited in scope by 
the specific embodiments described which are intended as 
single illustrations of individual aspects of the invention, 
and any constructs, viruses or enzymes which are function- 
ally equivalent are within the scope of this invention. 
Indeed, various modifications of the invention in addition to 



those shown and described herein will become apparent to 
as described in Section 9.1. This was carried out by diluting 45 those skilled in the art from the foregoing description and 
neutralizing monoclonal antibody 1 in 50 with molten 0.4% accompanying drawings. Such modifications are intended to 
(w/v) agar in Eagle's Minimal Essential Medium (EMEM) fall within the scope of the appended claims. 78. 



( 1 ) GENERAL [NFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 43 

( 2 ) INFORMATION FOR SEQ ID NO:l: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 95 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



SEQUENCE LISTING 



( i i ) MOLECULE TYPE: SYNTHETIC DNA 



( i x ) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
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GAAGCTTAAT ACGACTCACT ATAAGTAGAA ACAAGGGTGT TTTTTCATAT CATTTAAACT 60 
TCACCCTGCT TTTGCTGAAT TCATTCTTCT GCAGG 95 

( 2 ) INFORMATION FOR SEQ ID NO:2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

CCTGCAGAAG AATGA 1 5 

( 2 ) INFORMATION FOR SEQ ID NO:3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 95 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GAAGCTTAAT ACGACTCACT ATAAGCAAAA GCAGGGTGAA GTTTAAATGA TATGAAAAAA 60 
CACCCTTGTT TCTACTGAAT TCATTCTTCT GCAGG 95 

( 2 ) INFORMATION FOR SEQ ID NO:4; 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 68 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
AGCTTAATAC GACTCACTAT AAGATCTATT AAACTTCACC CTGCTTTTGC TGAATTCATT 60 
CTTCTGCA 68 

( 2 ) INFORMATION FOR SEQ ID NO:5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 60 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

GAAGAATGAA TTCAGCAAAA GCAGGGTGAA GTTTAATAGA TCTTATAGTG AGTCGTATTA 60 

( 2 ) INFORMATION FOR SEQ ID NO:6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 



( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
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CCGAATTCTT AATACGACTC ACTATAAGTA GAAACAAGGG TG 42 

( 2 ) INFORMATION FOR SEQ ID NO:7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

CCTCTAGACG CTCGAGAGCA A A AG CAGGT G 30 

( 2 ) INFORMATION FOR SEQ ID NO:8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

CACCCUGCUU UUGCU 15 

( 2 ) INFORMATION FOR SEQ ID NO:9: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

CACCCUGCUU UUACU 15 

( 2 ) INFORMATION FOR SEQ ID NO: 10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE- SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:10. 

CACCCUGCUU CUGCU 15 

( 2 ) INFORMATION FOR SEQ ID NO: 11: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

CACCCUGUUU UUGCU 15 



( 2 ) INFORMATION FOR SEQ ID NO:12: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 bases 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

CACCCUGUUU UUACU 1 5 



( 2 ) INFORMATION FOR SEQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

CACCCUGUUU CUGCU 15 



( 2 ) INFORMATION FOR SEQ ID NO: 14: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

CACCCUUGCU UUUGCU 16 



( 2 ) INFORMATION FOR SEQ ID NO:l5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

CACCCUUGCU UUUACU . 16 



( 2 ) INFORMATION FOR SEQ ID NO: 16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC RNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

CACCCUUGUU UUUACU 



( 2 ) INFORMATION FOR SEQ ID NO: 17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 16 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
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( D ) TOPOLOGY: linear 
( i i ) MOLECULE TYPE: SYNTHETIC RNA 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
CACCCUUGUU UCUACU 16 



( 2 ) INFORMATION FOR SEQ ID NO:18: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 96 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: double 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

CTAGACGCCC TGCAGCAAAA GCAGGGTGAC 

TATACCACCG TTGATATATC CCAAT CGCAT 



( 2 ) INFORMATION FOR SEQ ID NO: 19: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 96 base pairs 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: double 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

TGCGGGACGT CGTTTTCGTC CCACTGTTTC 

GGTGGCAACT ATATAGGGTT AG CGT AG CAT 



( 2 ) INFORMATION FOR SEQ ID NO:20: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

actgcgotgagtggcagggcggggcgtaatagat 34 



AAAGACATAA TGGAGAAAAA AATCACTGGG 60 
CGT AAA 9 6 



TGTATTACCT CTTTTTTTAG TGACCCATAT 60 
TTCTTG 96 



( 2 ) INFORMATION FOR SEQ ID NO:21: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:21: 



( 2 ) INFORMATION FOR SEQ ID NO:22: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 34 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( i i ) MOLECULE TYPE: SYNTHETIC DNA 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
ACTGCGATGA GTGCCAGCGC GGGGCGTAAT AGAT 34 



( 2 ) INFORMATION FOR SEQ ID NO:23: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

CTAGATCTAT TACGCCCCGC CCTGCCACTC ATCGCAGT 38 



( 2 ) INFORMATION FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 97 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
CTAGACGCCC TGCAGCAAAA GCAGGGTGAC AAAGACATAA TGGAGAAAAA AAATCACTGG 60 
GTATACCACC GTTGATATAT CCCAATCGCA TCGTAAA ^ 97 



( 2 ) INFORMATION FOR SEQ ID NO:25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 38 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

GTTCTTTACG ATGCGATTGG GATTTTGCTG CAGGGCGT 38 



( 2 ) INFORMATION FOR SEQ ID NO:26: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

CGGAATTCTC TTCGAGCGAA AGCAGGAGTT 30 



( 2 ) INFORMATION FOR SEQ ID NO:27: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 42 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
CCAAGCTTAT TAACCCTCAC T A A A AGT AG A AACAAGGAGT TT 42 



( 2 ) INFORMATION FOR SEQ ID NO:28: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 51 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2& 

CATGGGTGAG TTTCGACCAA AATCTAGATT ATAAAATAGG ATACATATGC A 51 



( 2 ) INFORMATION FOR SEQ ID NO:29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 43 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS : single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

AATGTATCCT ATTTTATAAT CTAGATTTTG GTCGAAACTC ACC 43 



( 2 ) INFORMATION FOR SEQ ID NO:30: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 46 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

CGACGCATAT TACGCGAAAA AATGCGTACA ACAAACTTGC ATAAAC 46 



( 2 ) INFORMATION FOR SEQ ID NO:31: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

CAAAAAAATG GGG CA A AT A A GAATTTGATA AGTACCACTT AAATTTAACT 50 



( 2 ) INFORMATION FOR SEQ ID NO:32: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 24 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:32: 
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CTAGAGTTAA ATT TAAGTGG TACT 
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( 2 ) INFORMATION FOR SEQ ID NO:33: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

TATCAAATTC TTATTTGCCC CATTTTTTTG GTTTATGCAA GTTTGTTGTA 50 



( 2 ) INFORMATION FOR SEQ ID NO:34: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 30 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

CGCATTTTTT CGCGTAATAT GCGTCGGTAC 30 



( 2 ) INFORMATION FOR SEQ ID NO:35: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single \ 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:35: 

GTATTCAATT ATAGTTATTA AAAATTAAAA ATCATATAAT TTTTTAAATA 50 



( 2 ) INFORMATION FOR SEQ ID NO:36: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:36: 

ACTTTTAGTG AACTAATCCT AAAGTTATCA TTTTAATCTT GGAGGAATAA 50 



( 2 ) INFORMATION FOR SEQ ID NO:37: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 

( B ) TYPE: nucleic acid ^ 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

ATTTAAACCC TAATCTAATT GGTTTATATG TGTATTAACT AAATTACGAG 50 



( 2 ) INFORMATION FOR SEQ ID NO:38: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 46 bases 
( B ) TYPE: nucleic acid 
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( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:3& 

ATATTAGTTT TTGACACTTT TTTTCTCGTT ATAGTGAGTC GTATTA 46 



( 2 ) INFORMATION FOR SEQ ID NO:39: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 25 bases 
( B ) TYPE; nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

AGCTTAATAC GACTCACTAT AACGA 25 



( 2 ) INFORMATION FOR SEQ ID NO:40: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:40: 

GAAAAAAAGT GTCAAAAACT AATATCTCGT AATTTAGTTA ATACACATAT 50 



( 2 ) INFORMATION FOR SEQ ID NO:41: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:41: 

AAACCAATTA GATTAGGGTT TAAATTTATT CCTCCAACAT TAAAATGATA 50 



( 2 ) INFORMATION FOR SEQ ID NO:42: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 50 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: SYNTHETIC DNA 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:42: 

ACTTTAGGAT TAGTTCACTA AAAGTTATTT AAAAAATTAT ATGATTTTTA 50 



( 2 ) INFORMATION FOR SEQ ID NO:43: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 29 bases 
( B ) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 



( i i ) MOLECULE TYPE: SYNTHETIC DNA 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:43: 
ATTTTTAATA ACTATAATTG AATACTGCA 
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What is claimed is: 

1. A recombinant RNA molecule comprising a binding 
site specific for an RNA-directed RNA polymerase derived 
from a respiratory syncytial virus, operatively linked to a 
heterologous RNA sequence comprising the reverse comple- 
ment of an mRNA coding sequence. 

2. A recombinant RNA molecule comprising a heterolo- 
gous RNA sequence comprising the reverse complement of 
an mRNA coding sequence, operatively linked to a 
3'-noncoding viral sense flanking sequence of a respiratory 
syncytial virus containing the viral polymerase binding site, 
and to a 540 -noncoding viral sense flanking sequence of 
respiratory syncytial virus. 

3. A recombinant RNP comprising the recombinant RNA 
molecule of claim 1 mixed with the purified RNA-directed 
RNA polymerase. 

4. A recombinant RNP comprising the recombinant RNA 
molecule of claim 3 mixed with purified respiratory syncy- 
tial viral polymerase. 

5. A recombinant RNP comprising the recombinant RNA 
molecule of claim 2 mixed with purified respiratory syncy- 
tial viral polymerase. 



6. A chimeric virus comprising a respiratory syncytial 
virus containing a heterologous RNA sequence comprising 
the reverse complement of an mRNA coding sequence, 
operatively linked to a respiratory syncytial viral polymerase 
binding site. 

7. A chimeric virus comprising a respiratory syncytial 
virus containing a heterologous RNA sequence comprising 
the reverse complement of an mRNA coding sequence, 
operatively linked to a polymerase binding site of the 
respiratory syncytial virus. 

8. A method for producing a chimeric respiratory syncy- 
tial virus (RSV) comprising: 

(a) culturing a host cell transfected with a heterologous 
RNA sequence comprising the reverse complement of 
an mRNA coding sequence operatively linked to a RSV 
polymerase binding site and infected with a parental 
strain of RSV and, 

(b) recovering said chimeric virus from the culture. 

9. A chimeric RSV produced by the method of claim 8. 

***** 
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INSTRUCTIONS 



1. The primary purpose of this notebook is to 
protect your and the Company's Patent- 
Rights by keeping records off all original 
work in a form acceptable as evidence if 
any legal conflict arises. 

2. • When starting a page, enter the title, project 

number, and book number. 

• Use jnk for permanence — avoid pencil. 

• Record your work as you progress, 
including any spur-of-the-moment ideas 
which may be developed later. 

• Avoid making notes on loose paper to be 
recopied. 

• Record your work in such a manner that a 
co-worker can continue from where you 
stop. You might be ill and to protect your 
priority it could be urgent that the work 
continue while you are absent 

3. • Give a complete account of your 

experiments and the results, both positive 
and negative, including your observations. 

• Record all diagrams, layouts, plans, 
procedures, new ideas, or anything 
pertinent to your work including the details 
of any discussions with suppliers, or other 
people outside the Company. 

• Do not try to erase any incorrect entries; 
draw lines deleting them, note the 
corrections, sign and date the changes. 
This extra care is worthwhile because of 
the necessity of original data to prove 
priority of new discoveries. 

4. • After entering your data, sign and date 

the entries. 

• Explain your work to at least two wit- 



nesses who are not co-inventors, and 
have them sign and date the pages in 
the place provided. 
• Record the names of operators and 
witnesses present during any 
demonstration and have at least two 
witnesses sign the page. If no witnesses 
are present during an experiment of 
importance, repeat it in the presence of 
two witnesses. 

5. Since computer programs can be 
patented these instructions apply to the 
development of computer software. In 
this case a description of the structure 
and operation of the program should be 
recorded in the notebook, together with 
a basic flow diagram which illusfrates 
the essential features of the program. In 
the course of developing the code, the 
number of lines of code written each 
day should be recorded in the 
notebook, together with a statement of 
the portion of the flow diagram to which 
the section of code is directed. 

6. This notebook and its contents are the 
exclusive property of the Company. It is 
confidential and the contents are not to 
be disclosed to anyone unless 
authorized by the Company. You must 
return it when completed, upon request, 
or upon termination of employment It 
should be kept in a protected place. 

If loss occurs, notify your supervisor 
immediately, and make a written report 
describing the circumstances of the 
loss. 
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. HEADLINE 

ATCC CRL-1573 293 (Transformed primary embryonal kidney, human) 



Passage Fro2en: 31. Current medium for propagation: Eagle's MEM 
with Earle's BSS, 90%; heat-inactivated horse serum , 10%. 
Additional Information: The 293 cell line is a permanent line of 
primary human embryonal kidney transformed by sheared human 
adenovirus type 5 (Ad 5) DNA. The cells are particularly 
sensitive to human adenovirus, are highly permissive for 
adenovirus DNA, and contain and express the transforming genes of 
Ad 5. Handle as potentially biohazardous material under at least 
Biosafety Level 2 containment. The line has been used in the 
isolation of transformation defective/ host-range mutants of Ad 
5, and is excellent for titrating human adenoviruses. This is a 
hypotriploid human cell line. The modal chromosome number was 64, 
occurring in 30% of cells. The rate of cells with higher ploidies 
was 4.2 %. The der(l)t(l;15) (g42;gl3), der(19)t(3;19) (ql2;ql3), 
der(12)t(8;12) (q22;pl3), and four other marker chromosomes were 
common to most cells. Five other markers occurred in some cells 
only. The marker der(l) and M8 (or Xq+) were often paired. There 
were four copies of N17 and N22. Noticeably in addition to three 
copies of X chromosomes, there were paired Xq+, and a single Xp+ 
in most cells. References: J. Gen. Virol. 36: 59-72, 1977; 
Virology 77: 319-329, 1977; ibid., 86: 10-21, 1978. Submitted by: 
F.L. Graham, McMaster University, Hamilton, Ontario, Canada. 
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.HEADLINE 

ATCC CRL-1573 293 (Transformed primary embryonal kidney, human) 
• TEXT 

Passage Frozen: 31. Current medium for propagation; Eagle's MEM 
with Earle's BSS, 90%; heat-inactivated horse serum, 10%. 
Additional Information: The 293 cell line is a permanent line of 
primary human embryonal kidney transformed by sheared human 
adenovirus type 5 (Ad 5) DNA. The cells are particularly 
sensitive to human adenovirus, are highly permissive for 
adenovirus DNA, and contain and express the transforming genes of 
Ad 5. Handle as potentially biohazardous material under at least 
Biosafety Level 2 containment. The line has been used in the 
isolation of transformation defective , host-range mutants of Ad 
5, and is excellent for titrating human adenoviruses. This is a 
hypotriploid human cell line. The modal chromosome number was 64, 
occurring in 30% of cells. The rate of cells with higher ploidies 
was 4.2 %. The der(l)t(l;15) (q42;ql3), der(19)t(3;19) (q!2;ql3), 
der(12)t(8;12) (q22;pl3), and four other marker chromosomes were 
common to most cells. Five other markers occurred in some cells 
only. The marker der(l) and M8 (or Xq+) were often paired. There 
were four copies of N17 and N22. Noticeably in addition to three 
copies of X chromosomes, there were paired Xq+, and a single Xp+ 
in most cells. References: J. Gen. Virol. 36: 59-72, 1977; 
Virology 77: 319-329, 1977; ibid., 86: 10-21, 1978. Submitted by: 
F.L. Graham, McMaster University, Hamilton, Ontario, Canada. 
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INSTRUCTIONS 



1. The primary purpose of this notebook is to 
protect your and the Company's Patent- 
Rights by keeping records of all original 
work in a form acceptable as evidence If 
any legal conflict arises. 

2. • When starting a page, enter the title, project 

number, and book number. 

• Use ink for permanence avoid pencil. 

• Record your work as you progress, 
including any spur-of-the-moment ideas 
which may be developed later. 

• Avoid making notes on loose paper to be 
recopied. 

• Record your work in such a manner that a 
co-worker can continue from where you 
stop. You might be ill and to protect your 
priority it could be urgent that the work 
continue while you are absent 

3. • Give a complete account of your 

experiments and the results, both positive 
and negative, including your observations. 

• Record all diagrams, layouts, plans, 
procedures, new ideas, or anything 
pertinent to your work including the details 
of any discussions with suppliers, or other 
people outside the Company. 

• Do not try to erase any incorrect entries; 
draw lines deleting them, note the 
corrections, sign and date the changes. 
This extra care is worthwhile because of 
the necessity of original data to prove 
priority of new discoveries. 

4. • After entering your data, sign and date 

the entries. 

• Explain your work to at least two wit- 



nesses who are not co-inventors, and 
have them sign and date the pages in 
the place provided. 
• Record the names of operators and 
witnesses present during any 
demonstration and have at least two 
witnesses sign the page. If no witnesses 
are present during an experiment of 
importance, repeat it in the presence of 
two witnesses. 

5. Since computer programs can be 
patented these instructions apply to the 
development of computer software. In 
this case a description of the structure 
and operation of the program should be 
recorded in the notebook, together with 
a basic flow diagram which illustrates 
the essential features of the program. In 
the course of developing the code, the 
number of lines of code written each 
day should be recorded in the 
notebook, together with a statement of 
the portion of the flow diagram to which 
the section of code is directed. 

6. This notebook and its contents are the 
exclusive property of the Company, It is 
confidential and the contents are not to 
be disclosed to anyone unless 
authorized by the Company. You must 
return it when completed, upon request, 
or upon termination of employment It 
should be kept in a protected place. 

If loss occurs, notify your supervisor 
Immediately, and make a written report 
describing the circumstances of the 
loss. 
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RSV NEUTRALIZATION ASSAY 



MATERIALS 




x y 




VIRUS GROWTH MEDIUM 

500 ml Eagle's Minimal Essential Medium 
5 ml glutamine (200 mM) 
5 ml Pen-Strep (10k U + 10k jig/ml) 
5 ml fetal bovine serum 

VIRUS 

Thaw frozen amp of titered virus at 37^. Immediately dilute in virus 
growth medium so that there are approximately lOQTCID^ n virus particles 
per 100 |xl. Guinea pig complement may be added (final concentration of 

ANTIBODY (&W>W 31 " ^352. ^ 

The neutralization assay can reliably detect as little as 0. 1 |ig/ml of antibody. 
At antibody concentrations greater than 100 ng/ml, non-specific 
"neutralization" occurs. Therefore, you should dilute test purified 
antibodies to a concentration between 20fig/ml and 100 jig/ml. If you are 
testing unpurified polyclonal sera, make stock dilutions of 1/5 so that the 
final concentration of the first dilution tested is 1/10. 



PROTOCOL 



CELL MONOLAYERS 

Assay is performed using TC96-well cell monolayers which are about 90% 
confluent and 2 to 3 days old. 

TC96 INCUBATION PJ^J£S 

s growth medium to w^Ds of incubation plate. 



Add 100 



\i\ of vLjd 



2. 



Add lOOjil test antibody to first well, and make serial two-fold dilutions by 
transferring 100 |xl across the plate. Test antibody dilutions should be set up in 
duplicate. 

Add 100 ^1 of diluted virus to each well containing 100 \il of diluted antibody. 
Incubate vims-antibody mixture at 37° for 60 minutes. 
NOTE: Make sure that you save a little of the diluted virus — you need to do a 



6. 



TCID 50 quantitation of your diluted virus in order to confirm that you actually w^- " V ^ 
added about 100 particles per well. This is called the "back-titration", and is crucial / ( ^j gi VV^ 
for interpreting your neutralization assay results. ^ . 

At the end of the antibody-virus incubation period, flick the cell growth medium out 
of the TC96 cell monolayers, and replace with the antibody-virus mixture. 

After incubating for an appropriate period of time (- 4 to 6 days for RSV), examine 
each each well for cytopathic effect. 

Flick medium off, and stain with glutaraldehyde and crystal violet, "ttinse with 
water. Endpoint is highest antibody dilution that provides protection from CPE. 
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RETURNED 



—SCIENTIFIC NOTEBOOK CO.— 
2831 LAWRENCE AVE. 
P.O. BOX 238 
STEVENSVILLE, MI 49127 
616-429-8285 



INSTRUCTIONS 



1. The primary purpose of this notebook is to 
protect your and the Company's Patent- 
-flights by keeping records of all original 
work in a form acceptable as evidence if 
any legal conflict arises. 

2. • When starting a page, enter the title, project 

number, and book number. 

• Use ink for permanence — avoid pencil. 

• Record your work as you progress, 
including any spur-of-the-moment ideas 
which may be developed later. 

• Avoid making notes on loose paper to be 
recopied. 

• Record your work in such a manner that a 
co-worker can continue from where you 
stop. You might be ill and to protect your 
priority it could be urgent that the work 
continue while you are absent. 

3. • Give a complete account of your 

experiments and the results, both positive 
and negative, including your observations. 

• Record all diagrams, layouts, plans, 
procedures, new ideas, or anything 
pertinent to your work including the details 
of any discussions with suppliers, or other 
people outside the Company. 

• Do not try to erase any incorrect entries; 
draw lines deleting them, note the 
corrections, sign and date the changes. 
This extra care is worthwhile because of 
the necessity of original data to prove 
priority of new discoveries. 

4. • After entering your data, sign and date 

the entries. 

• Explain your work to at least two wit- 



nesses who are not co-inventors, and 
have them sign and date the pages in 
the place provided. 
• Record the names of operators and 
witnesses present during any 
demonstration and have at least two 
witnesses sign the page. If no witnesses 
are present during an experiment of 
importance, repeat it in the presence of 
two witnesses. 

5. Since computer programs can be 
patented these instructions apply to the 
development of computer software. In 
this case a description of the structure 
and operation of the program should be 
recorded in the notebook, together with 
a basic flow diagram which illustrates 
the essential features of the program. In 
the course of developing the code, the 
number of lines of code written each 
day should be recorded in the 
notebook, together with a statement of 
the portion of the flow diagram to which 
the section of code is directed. 

6. This notebook and its contents are the 
exclusive property of the Company. It is 
confidential and the contents are not to 
be disclosed to anyone unless 
authorized by the Company. You must 
return it when completed, upon request, 
or upon termination of employment It 
should be kept in a protected place. 

If loss occurs, notify your supervisor 
immediately, and make a written report 
describing the circumstances of the 
loss. 



Copyright Harold Gallop 

Form 590 



8000440 



Table of Contents 


Page - 































































































SCIENTIFIC NOTEBOOK CO. 

B000441 



laoie or contents 


Page 































































































SCIENTIFIC NOTEBOOK CO. 



1000442 



Table of Contents 



Page- 



■ 

i 



SCIENTIFIC NOTEBOOK CO. 



1000443 



Table of Contents 


Page 


• 





























































































SCIENTIFIC NOTEBOOK CO. 



1 

Table or Contents 


Page 






































* — - 

























































SCIENTIFIC NOTEBOOK CO. 



8000445 




Table of Contents 


Page 










































m — „_ . 





















































SCIENTIFIC NOTEBOOK CO. 



1000446 



Table of Contents 



Page 



SCIENTIFIC NOTEBOOK CO. 



B000447 



A 



Table of Contents 


Page 

* 










































^ ; — . 1 





















































SCIENTIFIC NOTEBOOK CO. 



8000448 



IODIC Or l»OnT4nTS 


Pagt 
































































































SCffiPiTIFIC NOTEBOOK CO. 



1000449 



luDic or ^omenis 


Page 






































. ^ — _ — — _ 

























































SCIENTIFIC NOTEBOOK CO. 



1000450 



1 

Table of Contents 


Page - 































































































SCIENTIFIC NOTEBOOK CO. 



H000 451 



1 

luDio or wvnicnii 


Pan* 































































































SCIENTIFIC NOTEBOOK CO. 



1000452 



Table of Contents 



Page 



SCIENTIFIC NOTEBOOK CO. 

1000453 



Table or Contents 


ragt 


















■ ■■■ — ■ — — 1 — , , 













































































SCIENTIFIC NOTEBOOK CO. 



B000454 



r 



J i 
1 I 



Table of Contents 


Page * 


•mm 






























































_ — 































SCIENTIFIC NOTEBOOK CO. 



1000455 



1 

Table of Contents 


Page . 



















— — 














































































SCIENTIFIC NOTEBOOK CO. 



1000456 



P^c*x*tvovv of- Gvwpct^V" odU S Project No. 

TITLE Gel £ ^ft*r p^ftJ- X2S^ \,s*t*J ftiTlWU Book No. 



From Page No — 



I ; L ....4 — r vCo^it^fc.^^iVs^ j., 



ri 



4 



Cva.IVuO'.qJ ... 



. ; . 4. ^^^^ k 



"7""" T"" 

_J L 



»<\- : <^0**L r jWv L \ >^til. ; . „Hvt j/ ,\ . Sc . . L j*«J o^Xs \± ; .. .i ...J : .!. 

! i 1 : ■ I : i L i I MM 1 ! 



/m f. d^Mi^L i_ 



: . Wift _uvj.;.. Hyx «f- JfMi/E ~..u i 

Ve,ch>r A.^Ll Jpjl 



.; j_ I I 




„ J i |. V^*ft . a&i*^f„ lb t _pcITvathjr 

I. L(2hk) .w^.,..^ <>v} X^SKTW^l 



^ I ^r|.i>jsift. . ^„sap* iV^^a^M- 

"|"T"*]i^«vc I I* jxw£M^ SfR£" ~ 



~t— 



i 

} 



pL.)^ # L oaK. Xr.^^ . i j : : .. f . _ 



^ ^_ !„__j_ 



1 * \ J ; i > . ! i • t 



t- ■ Ir -■(- 



-t. -.1. 



..i : ^..o^-L. ... 

! ! ! I F j 



Witnessed & Understood by me, I Date 



-it 



* — -1- 



Invented by 



To Page No.. 



Date 



Recorded by 



icorgea oy . si 

19 J <■ 



Project No... 
Book No.. 



TITLE °AJ *W ot" foti^h K \ V>wtt(W^h 



From Page No.„ 



"t - r 



I 



41 



■ ' : i ! ; : 1. - M. i ..I 



appc*rr 



1! ! -J ! ! i : ; IS i ■ M ! ! I ; I . . 



i : 



.Poz^ruJ. cx J7 V agarose. qcL „ 



J^JL Mb**.. • . 
^.;USrffiM%-< 

4^-^ Ivj^v*. j - 

i^L xvo UEfar ; 




i 1 1 




4 j \_ .Occr^tsy^ - 

\ . Ufa ptiuftj _ >*A^ hV: . V.C 

.x.. QoVvqI.^. 1. . _ J... t ... : . 



' : s 1 ! I 0 

—J — 1 — I — 



j \ ItlV^vj A>ej. JwJfer. ...Wlp^t-d^A^L 



-I— L 



To Page No._ 



Wltnossed & Understood by me, 



Date 



Invented by 



Date 



Recorded by 



1000458 



Project No. 
„ Book No. 



From Page No.„ 



i 

t j 

T y 



~t • 



i ! 



J-JL 



■ r- +- 



^ L i 1 j I i j. J_!_i ... j_ I M : ! ; 



{• — f ! ^f^J J--*f-~U^^ • 



c *^J.4^---^aV^^^ k .<M^v^ _ J?;....aow$L,; i 

^ ' / ^^-^^ ^ -~4 ; [■ ■! : i.— j — j — i :.. - r 

-■ v./ i.-J.- Ss- j.-. .!__] P-^. i^xt** .. .... j.. „.:..;,.: 

i-.^.f^Wfl.'.,., ; , I . 

1- tiO P*N W*filir., • \ ; • . ; 

: ila «i0..i ' < -: 

, . ... yu Sr^; i ;.. . , _ ; 

- - I —f-: >.«*^W.|:.ixV:L \0rwi v ..30*wvi..; .%£ 3J.C<._ 

--•4 -il^W/W^t_fir_ cJv^Avjiul _ „ I \ „ 

_ i ! : . _ — ! 1 j1 '' ; I T ■ : o\ono6. 




..tar ..tin. . £ aSVtj«x^rJ Wi. 




CCt 



.sit' ' : t 



Witnessed & Understood by me, 

j 



Date 




^ U^i, jToPagoMo.. 

I Date 



Recorded by 



1000 4 5 9 



Project No.. 
Book No.„ 



TITLE ^WrWW J- on^bl^oA cf V-SvC cW* ] 



From Page No. 



litis; 
t — p -i -r ~r 



4 



+ ■ - -I 



\ ! 



; 1 



\ I 



Oru^tutvoc 




■1 T-^r^^i 



if — 




C-WjcW^ ]wU ^ojv>ai 



i i i 



4- 



|To Page No- 



Witnessed & Understood by me, 



Invented by 



Oate 



B000460 



TITLE _ai^5c*J«^^ 



Project No. 
. Book No. 



From Page No. 



.4-4. 



L Qf^Jjfic 

4 i_ — ■ — | — j — 1_ — j — a — ; — i — j — i , — j. — j — t — ^ • , , . 4 

i...S^>^;io^rvj gzX £Wv^luJ£^ ijv^^^iiipl 



r I i.c^aljicJ .. 2p^_.o(\~.cc4c^ pvffe j j j [ j_ i |_ 

.^z-y^ju. to^t i £U\ vol J.fvrj ^.-^ 

j ^l^h^J^^ ^L,.^tPAt ..p^fe). .„„...J._ ...L_..L ^ } . j. : . 



Hvc'i- .oA^jJ^j ^*jrC>woi>^ ..-wit,., i 




JjjJOoA iw! Hv. frj^r VAitrVr c*rd ..N/tcfec ..... _ Wsi. .... 



^Ali^.^ _j i 



..SetT..^.... p^^tatavc Oca. „ , 

;.A^.^ti , o^;. ..N'ej^cul^ ..... 

-j — , -h [A^.-4^,£Ayw|i — r (3iV^-^-^--- 



Witnessed & Understood by me, 



Date 



Recorded by 



1000 461 



Project No. 
Book No, 



TITLE fotJ^pl^ c£ ^ 1.5K Ixofh 



From Page No. 



..%dr. jjjf : .^kt^ .ion! .. 2ASi*_<*dj LSK 

{lvfc*A: dcircfctM. ..S*bft iff^? : « i L 

; _ I " • ' ' i 1 ' j : 
SoAoruAWu) Vti^. .., „ _ ■ 

! ^fUOCV o^^M^Ta!^ . . 




To Page No.. 



J 



Witnessed & Understood by me, 



Date 



Invented by 



Date 



1000462 



TETLE. 



Project No.„ 
. Book No.. 



From Page No — 



-H- 



. ^ _ 4 _ JirJll XI .4 1 \ ;T~1 " ; 

>«v . : ^> <Kgt4^^ j._Eo»Xn ^ .syi j , : 

_C*z^nc.Jtf> j 



. . - : . ; . .™c^Wi-c»^4 JS^t^ S^£,™..pOq^^ 



K agarose. _ Gjc_ 0^!^*"^ — * J^e*\i ;TJ*>.A ... p,A<^...^_ ^^L .^cl i 

c*£ ^wif\c^^y^ . fiv^Jrrunh laVer^fe'J^ ■ . _ \ _j < _J ; i |„ ; ; J j 




Ot<0T>a.Via- cPfi cUai^ ~ U. - , 



U ! Sax iao^. 5 oP t . i.SK ^ i ... 

I. ;SbXio . ^^v^r^ oPa-OS^I^ft 




s WUnessed & Understood bv me, 1 Date 



Recorded by 




1000463 



8 



Project No. 
Book No. 



TITLE _^<?s^\^^.oPj^.£WA 




..4— J- 



(v 1 ^S***, Oicv^J fir \W ^M ^t^Uj o Jr oa X^V^iVT^ f {io^s| „„l . .1 : i | 



7 eJ. ' M : 



vaU. Rttife*.! -£hvU 5qOJU©t„. <^v. 1 



' i 



.. : .■ i. .. : 





1 1 J ^^o^^l^w. 



i „ S«*>f pVas^W . . ©a u\\ WSVv.. 

L..D^_try 4|AJ^^o\,L. ^; j 

;5^.x.io t L 



To Page No- 



Witnessed & Understood by me, 



Date 



Invented by 



Oate 



-tO-M-4-64- 



D.^H^ 4- fta&<^v<^ Sp«, I. -GrJ fw\Rc*t;^. Project No... 
TITLE IrJaUujovh'on^ W ^^ ^LS^S^fJ^ Book No.. 



From Page No — 




I 

"T 



jSeb v^>. J.S^I r ».(^^^o|..^ 

i u-j ;..,J— ^xxk . jo^ J^*\j^ 

^ [ j j_ ^ _ ' 1 ! 



3 ^-E^Uct 



~~ - . , . — j -j UM^^r^A^^J/^ — ^AffiSfc_^4J(K*-^ j 1 | ■ L 

4 J j__ |„„ H i __4 j ^ , , . j i j ; fc ) j I I i i I ! i j_ 

i «4- I iJ^dk^^ ^3y^j^ 

.1 \ j \ J i„Efedf^^tLUv[J|4 l—l—i I I I I ! : LJ— I 

.. ■ ; j. _ _J_C?Ux*^.>^i\\W „ Iv^> j _ J^o^jl txs I fz^#+ir\ 

f- f-H- r^4diU^ ; h¥ j H4- J 4-- M4 -i — M-t-M-^-i- 

J J ,l lLlCj/L^.l i„. i ; iM, Lxw:$*(\< ; i a j : _j _ : : ; 



ot-.„u$A ; 




J. _;5jX.xi?. &><V j 4 j ^^iAxAk . JkuJ 



? ..vp,: ,.«u^:v.r" r.. .4 ; j AJT^iAi^^ 

- ! - . 1 £a1.(Avs3^ u. ixft ;-..4mj^j& k kftu Jo^w . j 

...?%<X35>3^.....j 



Ssh. 



iWAia.... 



__i i : J i \ L_lla i La i JlL ! 3 T M * I U 




Witnessed & Understood by me 



Recorded by 



000465 



TITLE ^AlW^U 



10 



Project No. 
Book No. 



From Page No.„ 



-t i 



^ : „ j. ■ , j I ■ j : ; i M j ! ; ; _ 



£-..*Ut.. 



\ ^ US Mk/- 



^jt-ftjp 




, IW^... ^ iQf^f^. - . Kbx\ > 

....... t ,CeA^air\\tVj . .„ . _ _.. M .. 



1 .K&ba~^T" "'"u", . 



; „j — < 4- 



^Vt< ^>ge^ . v . ~.L .. [. J„„ 




; j. ..^yv i 




Witnessed & Understood by me 



(Recorded by - 



1D00466 



T!TLE.„ 



Project No.. 
. Book No.. 



11 



From Pago No. IP! 




i — 



4 L 

i 



i 



biaL ;Bf»o.X^tsfc_<>^i | | i „ 



^ OvAQ-CvV 



; - J l- 

i ! 

r 



i 

i 



Witnessed & Understood by me 



I0004&7 



12 



Project No- 
Book No., 



TITLE 



From Page No. 



; 1 * r ! 



-4 -4— f 



c^a(^4^ a>^v 



4 L. 

! -i 



77 
i. 



~i~ i 



/ T IKS 

./~yf— r r 



„ . jVj .Hvj^A-cJVl :. ..... 



. , e^Vvt^chJ ~tta ;ruv\oauv^ .^VsJ, 

- i>v** ;Dc>&*-v^t^j.X XW>I , — 

. Sffcl Ovt) I... . : . .: 




i 



_J >^„^.i$OM^.^^ J .... 

I j^fiV<U\ >W ^ ; - 



"TW fs*" L A^oV ^\ fern ' . v cato . . , .ft (I tj^ ... ba^VaVioa L >Hva ... TA.c IS. 



7 <r- 



* — 1~ 



I- i - -4 — r 



4— Hf 



.wx... 

i 



T" 



k 5boU 



4-: L ~- 



i~4^W w - 



— j. 



J i-4 4 ^U^^l^^^^ t^.£ ? *L^j:^ 

j r . .] j ; : 1 (h| Wh> j^...>^.^^ {ai^-^I^ 



I .. . UiUUc 



1 t 7 

! ! L 



! 



! I 



1 



1™ 



To Page No.. 



Witnessed & Understood by me. 



Date 



Invented by 



Date 



Recorded by 



TITLEL 



Project No. 
. Book No. 



13 



From Page No.lX. 



; i 



- v - i V- 



i.„ 



4.^<^U iOjAp^. 



I s 



.1 



I i 



o$~ „c^cc^tli-id;. JfcifV \>Lrvi fo^M^ H i ^- 



-4-t-*4*|-4~i r 



f— t — r 



-I 



: fir. ! c.U^ j j(f |u |sk 3),. j . f 4- 1 - - j- 



..L ■ ; . ....... - ! rivilEL. 

- 4*. ;-- - 4 - • 



4- Bo^AJl .Mfn.. a. 



~f — r 



.4. 

i 



_4_ 



xw>r. 



T 



— r 



1 " Yl^7~^\. 



to 



...vfXVO 



-iHfontttr^r r 



I^^jLI JJJBLj^fl 



. .... ;...&HiV<o r v;.^oc^..-.-!... 



! i 



rr 



i ! 



jTo Page No.. 



Witnessed & Understood by me, 



Date 



Invented by 



Date 



Recorded by 



B000469" 



14 



Project No.. 
Book No.. 



TITLE 



Li 



From Page No. 



J.-.. 



i I 



..J i | I kfr JUft j rt. s\ywHar\ 



i : ; 1 J 




L^C^K^^ 0 *^ — 



i ! j ' i ; • 



.^3w..3ir.. 




ja il w .E^-.^-^ _s^kjLeJL&_. . 



~i L 



-- : r-!--i-i- 




Witnessed & Understood by me, 



SecordeoVby 



1 000 4 70 



rn 



Oaj tv\w\i> *r potcAViuV I'SKrJLiSKi.* PCDT. 
LEI \KjWi^^> ^f.^\Vwrc/tv^^yuy 



Project No. 
_ Book No, 



15 



From Page No.. 



i » 



CWiCei-. . A'51£. -tL^j-SKLlto.: ftiff i^yt^n^f^y Lf^tl ; - i 1tL<i iGro ! giLV iL J fiLj *u&it cA 

•rr— Will vfc. j^__.0^-*4W.t rAoAittXtl — . ? i ; j j ; : | ; ; 




: — J _ ^lafr s ^_i^sfek.^0^. op:.; ^o^eni^^fe Qgv\ ;ercJ k fir-; _a^So%j 4 -^vi<£i*w; L . . 



" ' J J.-^JJ2!^^ L„„L.J..__;_ ± 




Witnessed & Understood by me, 



Recorded by . 



000471 



16 



Project No. 
Book No. 



TITLE JsL^Si* 



From Page No.„ 




,fA»v\\. tyyfrpV.™-^*^ dio— I- 1 ] i —4 1- f 1 +— ^ -f ----- 



. Se*: WJ> tyvd 5L.i Aj^L^j | U—jJ 

piV^oA \^Kx. 2-XS^ v*jpoL .{ .„ 'J 

gAi .. . Sec- — j 

, .. • uxr^jJCT ; .i. _L i * ..- — i — ■■ — L 




up 



. v4\ ;i\t*o.V; r „ £>*iv : 



-i — -f- 



...t -i... 



: VJAUw^ ... ^..oL^ife^ ..offt j — J 1 i — 4 — ; 

: ; , i 1 1 j d 1 P j j r I ! I u.L L.I.J- 




1 — 1 — ! — : — 

5W*t,\pQ-VL <^ _ 

r I . i : : \ 

Sf^^rJ^^MA 1 

■ y ' } ; i « i \ 
£l«VtAU -tfi**- 

\ ^ I ! \ ■ i 



To Page No.- 



Witnessed & Understood by me, 



Date 



Recorded by 



•BQt ) 0472 



m 



TITLE. 



Project No. 
. Book No.. 



17 



From Page No.. 



-r -r -i— r 



.l_L 



f 



.. n ^^..... r _ r _. r ^... r .. T _p^..^^ v _ 7 _ 1 _ 1 . y . 



I 

•}• 



viK.^ i^x- -^.i e|vt_ I -4--!— -k-4—i-- 

r : r ■ 1 ' ; i J__J j__ 




j.. wv pclL , .. cW£ : .. _. ; _ L„„ 




1.000 4 73 



18 



Project No. 
Book No. 



TITLE 



From Page No.. 



j | ! : I ;__{.„:.. _J_ 



r 




Li ._.^*Vi^..cWi> 

• i 1 J^4^i— 




lOO 



OX- ^Jv 



.\ Will „uw^ipy!^*^ &y, -&&kbft±c&.. - 



! , 1 [ : | , tA - i^LAw^ ; : : i i . 

i). ^xxwj/'.xVvQ i c^.„(«K.)^ .o*jj ^. pungj : j 



..i j rttlU.I i i — u- 



j i i! ; : M 9 I L H ^.^jl^L-H^ 



41 





Witnessed & Understood by me, 



■000474 



"I ' ' Ehu^-tW^ UjUi^NAod - S^tcuAVaco wWaucs^, Project No, 
TITLE floW^ 



Book No. 



19 




„..S^W^^W4i .... 

—I j~2Sc*vs 



1 i L 



— ; — ftWdiw 



r- ■ 



~f — r - - r - 

: i 



i f 



4.. 



^|J]4 _£i^Sl^ . VsoV^^o^--^ 

l \ \ \ . ; j \ | ! ! ! i 

■j — f — I-.- 



X ..i 1 Um^pvj^Vy ;...„ < 5^ % I./4C^a cut; ,„(H^U5V<. Drift. un.d l^oAe-.-- 



i—t-W-h I— 



i i . ! • 1 ■ ■ 



.4 



4~~ 



»JCL 



: h 

! i 



; ' i ; ; i ; ; ! I ; ' i ! I I } 'I J 
7n t— } ;rt — *- 1 -f ; ■ - * L ? — h«ri->uWi — ' — - — 1^H¥ 

; UX ; ^ Bfi- .^.3K.- jbja^. h .ri.A Lu.^;... t , ; i_i g Ui 

I . j , ; ! I ; wot. j ; | | | ; Va 

----- -4 + I i i v» |.^t -^^4— 4 — i — -h ! — * — f 

: : i : i • ! ! ( .s-+i^k)i 



j -l ..i...L. 



/^N Jin j i — j i }i 

^ ,lr^W:. ^^cjy^xW^ .. T ... , 



Witnessed & Understood by me, 



1 



4 j H.J/i^|JLL.^.K 



Date 



Invented by 



;To Page No. 



Date 



Recorded by 



■1300475 



20 



Project No- 
Book No._ 



TITLE . 



From Page No — 



1 — 



I ! 



_.L. 



j i 




47 



1 L : _! ] — J G*mc^ |<xOCj" ttj^rxayjf^OA cp- 1 loAo. Si* aiU sHux^ fiftir^ijj mi — i 



].!p^^-a5^|A i c^i_ J (^_ij£*wiv „ i x X , _ _ 



' i i 



Vol; I SjjJ Uiy ^ v ^ fr t MV j j 




Witnessed & Understood by me, 



v .-1000476 



3^ w Project No- 

TITLE: SmipcvAlkAA^ <Sf WsA^vg cxlU. Book No.. 



21 



From Page No — j 



-4 — \ 



i—j-J_4 



' ! ! 



_i — j_ 



I ! 



— Wjnrftw fa — ■ ""' ftjm, | oral <J Ur y | yiyUAja/- q^;' b ai^firivy^h 



3 



J L 



6r. 




Witnessed & Understood by me, J Date 



Invented by 



Recorded by 




000477 



22 



Project No., 
Book No.. 



Com £ W.WK <wvi SK*J>rtft*. 

T|TLE <^W>^ <£ xVoX dyrdl ^ ^ ^^s- 





_L_L_L_l™.irJia 



-J i L. 



f 



i 



-.d&iieA lyas^cap^^ I j 



_1 L 



— i — i. j ... _| tWiSuL n... arvi^^Jiteuja^r ^vjo-Z* — <^m. a^irt*r \auiti-\*_. 



_l....Lj.__l._: 



i x i *i ; ; ; , j ; j , ;, j ; i j j j ' , . : t _ 



! 4- - ; ^ i^lU^U- - - -• 1 — ■ — -~ — 



. i i. 



L 




To Page No 



Witnessed & Understood by me, 



I Date 



Invented by 



Date 



Recorded by 



jrueu uy i 



000478 



I 



w 



TITLE. 



Project No. 
„ Book No, 



23 



From Page No._ 



i ! ! 



I i 



-J :i i 



■ :- f . 



. ; 1 i. ... .'....J J iftUo._.ira«4 L>>:.uvJ..l)cJ 

' I ! ! i '■ I \ '■ . ! i /' i- - i 



...j — — -\ — *.._'! — __ — [_____j__^_J i — 4 — I j — 4 — -r—4— 



l ..;....-..< i„4_«^riTyL-i_y 

j i j^J : ■ j.. . | j, [_ _J { i f ! _ 

Li ; LcWUtA 





Witnessed & Understood by me, 



1 



Sim 4 % r; ; ."•■*•.■(.'.■ 



24 



From Page No. 



Project No. 
Book No. 



TITLE 



Gel psjn 



oJms*\ or 



„i J ... 



i 



I • I ' > i 



i L-4~i--L 

'Ml 



V i 



, QSuM^rtaXs.. ; ; _ ; UUw\; 

tavC& Rot. 

. ; ... j^A^..^!^ L ....... 

. 9>4-w4 .|^Vc.^LvaV_u._- 

^wvoreA o^xA'c. . „ 



. . nsj^pL £k*<&\ cwa*>cJ 




.^^^Usf^.L 



™U l.2.^SK (^^i Ovye) ; ; Jijvu 

-wca* .nacte-C...! 

^|_.„i.^W^W Ijwic/uh iaB\v>^\_ dkK^;. ~. 

j.. ^ ailUv^j ofc...HWIl_..(p.lV^i 

.j 1 _|d^J^L(^^6^*A cxln^b^ ^acli <j j 



1 1 i j j i^k..t**.:...L. i A „. 

...i { !.,„.^„^^^^ j ^ 



.... - , p-r^r i "T i — r — : — 

.^.....^....^ ^ | ^ ^ J\ 

Or. f EUxivx) ^yc\Vci)„. ..^^fi^uVi^j _ ^| 




Witnessed & Understood by me. J 



f. mi*. 



1000480 



FT) 



Project No.. 
. Book No.. 



25 



3" 



From Page No._ 



i •; 

i 



i 



! 



4 — i L 



, , . ; , 



i ! 



; ! ( eWWop^boA „aw^,....r: ieJt* .uupvjaus&x J^,feLo|: jv^]i*o4 v.; i .„ ; 



Ui^: h . 



\ 1 



i 

! i 




■iG^pll i^W i SK^ . ^ J . H-.HrK ^<L\ pyOr\W. &*i.f\h t^tf ^ob<Lb^.„ j 

i • <^f*~ J aWf\ WnV. : r ^.; v oo kcj ... „ { „.__; I j ] j 

* > - ^ jUy*tet.- wvttL^J^VC.J ah^-lW _ 

, : : ; : . ; IJ^i \ \ i ; ! ; • I M' 



.i h^t x \<L L. . !.+' C(ifj.,6V<^ oaL 

J .lo^^iP. I L„..i i [„....] 



?0j*W — 



i ; 



-i. ~. t „ «-j_Sjb«d ..L 




WHnessed & Understood by me, 



Recorded by 



■000481 



26 



{From Page No. " 



Project No. 
Book No. 



TITLE cy^ Vofc- S 'c^U . _ 



- ! — -i 

; - : i 



. ... _ , f . — y„ , - ^ . — r _ , _ - — f * ; I 



4- -4- 



ORi)p«eo j. ..; _ 

'SAP' -^e 



jalli [(>4k.SiX-J---- I*- 




LfefA j GlwW ^>)Cc^._ 

iJSXLM^^ftC alb 

:... l«x^.„jjoc^. ; ; .u\V HjL„. 




Witnessed & Understood by me, 



iRecordedby . 



■000 482 



I ( f bi*L& op t.SK OrfS Wit, ^prvL o*J rsasdMiwuLT Asp US. 

<z*\ ,p <^t. Pr °i ect No - 



TITLE. 



Book No.. 



27 



From Page No.. 



I ! 



. .._L._|._i._. 



■A 



t f 

[ ! 
\ f - - 



.J i. 



4-4. 



. — r 



, . ^; . . . U-i L - . - j L-..|_*_L4- 4_.U _ ;_4_u. L_j~_^ . 

I !_S*fc if J ^ 

j i ; j M i i y .M ; j 1 ! ! J j ; J J [ j- L ' 



iVu\\ \iOS ^Uv2-WV^C .cif V!^C X .. -aft- ■ J>j^~ j fi^ 



i 4- - 



X^S ^I ..\n*rt : 



Wro^Tt oaI c^^iw^ "f^Q ^?^ft^.._^^\\.t^twvN? .rr^. r .L4^J^n G^Jrrv^~-.a .... ; i i * 



i ^o^^Vf • i i ^Vbrftji .....SbQjiA .of: 



at i7P..C.: i 



.J fro:?*, ^ a;w 5ii ; 




j_i — i^^^— j-^— j — j — i — ( 



Witnessed & Understood by me 



■000483 



28 



Project No.. 
Book No.. 



From Page No, 



i 



-Li. 



.j ... j _a , -f— i f- ,— ; f ! , ;— f ] 1 r— p~--j — r — r i ! i 

pv™ i i m i ; ;n j ;Z3) ; pi | s v i j j | / j 



^ . .a^ ,(^cvfc 3:.^) i ; ■ : : : 



one 



11 i.SL W 



MMk "tesa iSUfi j^ggk' ■■£3£**t**;&s , 




] 

-i i. 



iJxJj.. OKlki 



\ j j * > = . f 



] J,/=phz 



4- -<••-+ +~ -+ 



i 

-\ '■ 



T\>ii „ Ql\ 'V\ X tcd^Y „ WW... ... t : 



i 




, ij^j^!©k^ 




Witnessed & Understood by me, 



Date 



I000484 



n 



I I I ^itcr/Pa^\rworK. ctn ™ xX P(?epi 0 'f V>I>K ; a Sv< > Project No 
TITLE ^.^p^, oEp^VJ, WcWj ; 



Book No.. 



29 



From Page No 



' i 



a- — t. 



u 1 1 



i : i ! 1 : 



d^ii ^Li^sil 



... „.Ufer . ( „ r _S;vv J. ( „A 



y?M.<± 5^^: cvvax\ ..^cfvL^A.. }t. cwi l A^K I ^ I 



! 

4 — 
! 



.jpotcAVlal j i^^M* 



! I 



. J i-P^nCvc^UsrV* 



; W:u^ 5fkt <^^^.^^ Ia <x L sc> jJL- L J^$^ 

- r ~~ ... U»J Qr -Sv^W^^^^-'^A^- -s^v^pW i^..^?V\irv 

. J | „io.i xVK .; ^}t£- fe^4.cfpcy^||,,,4^ i U - ! j I L _ : 



UUPM^ i AxpM- 




8000485 



30 



Project No.. 
Book No... 



TITLE 



W/affi 



From Page No. 



.j j ; L-Li i ri : j 4- 4 i i 



; 1 L 



| I j i 

--j— ! - *-y~ f*~H f r 

iSpUi«^^^X-i>.<vA 



- 4" • f f 1 *~ ] ~ t~ t 1 *~ 1 j 1 — -j 1 T [ 

. jrvkU. JcwvV <*.^U«uA ..^--i^.-.-M •• 4^ - -4 /^-4n _<>.-a«A^ 

11 i I i I : ! i Ml ! ! S ! ! !'-.! '! I a 

[.5jfc 41U jr_. 



i\Ton^ .oa- 



J..dfe.J&*Jfeo pxt^A L^£^ 

[i !ft^J8<T ctoc.. |.tsi£.a^.,.$£L_ 



Kx)^ c)o\*>r\ . wore V^\>^'^t^av , ... . : , V\i\\^^\D,i.cv\H*neI ... >r>V> . . 



; i \ \ i * ' 

""4 

4- 



- I — L&*V~v 



Wttnessed & Understood by me, 



Date 



.Oft, A 



Invented by 



To Page No. 



Date 



"3$ * ax. 



'000486 



in 



I — 



TITLE 



Project No. 
Book No. 




Witnessed & Understood by me, 



Recorded by . 



1000487 



32 



Project No.„ 
Book No.„ 



TITLE . 



1 



from Page No., 



"1 ' 



;4 .^L ; }oj^ liw.l — 



L_i i j L 1 ' 



i_L 



>/ru«.V dLi^vi . Vfeo . ; h^^<^^ i —I- — i-- 

i I /T/n i u i , i : 



J^^feA,.a:l<^ 

.! /S^A .w^ 5^ o?*A'ty^ — - 

,yur\u*.Vr X**Pt> . - ViALi tWv oVjuio\ 

pVo^^Vj^V^VL; 'hxAOfTftvOi „!..._ 




:Ui. pU&pWfevc »V 

sc^i t . r . ( ; „ ^ t ,.. t 

; 2asi<<; ; O.Su 

,.;..SJL ..xio J - 

3s^*iP 

few 



! . ! 



_4 



.Luu .....sdr.u^>! 6/w o£,a.sa 



.'i^S^...>A„pP.a, i i -< — — v 

^ i j^i &_>jjL^ : I 

„, ; Xpl. 1 i.sk 9>^jj__ ; J. 

,«\tV..v*<A(i «s>fc.... i. . _ . Jj^V EAt*jmlJ — I -4- 



- t --i l-f-w ^--i-r -i J -4-i- ■ 



p 1 i I * I 

■rt ' ' ' 

- — t -f— 



Witnessed & Understood by me. 



Date 



Invented by 



jTo Page No.. 



Date 



Recorded by 



IUUU *JJ 



■000488 



TITLE 
From Page No._ 



-f— ; - :~4 -l 



■' ' " = J_J 



— I — L 



T . ( „, .... ^_|_^ . Uj^ A Wjj -Jcini-eW^i^ | 

Scn.^ o/n: ^;. folv ,vfj'.55: "u,!;^ 

... . N ^w^..^;. - w 4l : ^w^^ i^'T .^w. 




'000489 



34 



From Page No... 



Project No... 
Book No.. 



TITLE M " u ^ P** PCX, 



„i_ 1 Gloria* taj*w*c. ~ , JM* - } £ok feU*.* v. (>»HjLiA^^ 



i i 



4— 



& .„„ ^L^WV^\ L ■ >aI SV<^j/icVor, ! j _i w .1 „. 

^ :^^S> , y*^.. .^ *k..i \/. 

; ^ 1^ ^ } ' ! : 1 '-. — 



.vrv A© 



-i — 4->**s* ftf ^r, , 




\./- A i I™. A .«L-.— . i-JL-L. L .-i — 



Witnessed & Understood by me, 



J...Suvp.t 



t i 



i i 



M 



Invented by 



To Page No.. 



Date 



■000490 



n — i — r 



Dvicu^i^ ©P- progress V^c*, 
TITLE ^^^Sio*\ <f ^<x^\ ooQk ttfttWj. 



Project No. 
. Book No. 



35 



[From Page No — 


444- 


i ! ! 

! 1 . 


i i 












! 


r— 












! : ! ! 










1 




T 














— 
































































i 




















— c 
















1 






JUS 






i 








- - 1 — ■- 

J [IAS* 




i 










f 
i 




























• — ■ 


1 




































'A. 


4- 






A** 








PI 






— U— 




! 


| p" T" , - 

; i : 




















[ 


























E 


1 ; 




1 

i 


i r 

! ' • 




















1 






















i 






J4 




! 


i : ; 
1 : : 


! 
1 

. 1. 






































I — | 






I 








I |— r— - 

- !4 ! - 














— i — , 




t 
t 

! 




/ 


























i 
1 


I 


















i 














f . . 






; I 1 : 


i i 








* 






r 

i 










j 

i : 




1 

• i 


(tori 


; t 

J J_ 


i 

1 . 






1 


— i — 










i | | ' : h 










i 


i/^r ! i 








— I — [ 




\ i M ; i i 


i 




i 
| 












! i 


j ; ! | ! ! 1 i j 




| ! i 


; j t 

! 1 ; ! 


i ! 1 i ! : ' : : 
■ i ! i ! ' i : • ! 


i 




i • : i : I!.:! 


! ' 1 ! 


— ; 1 i 1 1 i : 1 I— r— \ 

i ! ! ; ; i ; i i i 


— i — : — [ 




1*^ ^ w j^A*/^ ^ ^ Ly. ~4bi 




Witnessed & Understood by me, 



Recordechby 



■000491 



